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ABSTRACT 


This  Sixth  Quarterly  Progress  Report  covers  the  results  of  continued 
investigation  of  the  many  technical  problems  involved  in  the  dissemination 
of  solid  BW  agents  and  the  effort  devoted  to  the  design  and  fabrication  of  a 
liquid  BW  agent  disseminating  store  for  use  as  a  weapon  on  high  speed, 
low-flying  aircraft. 

Progress  on  the  theoretical  studies  of  powder  mechanics  are  outlined. 
The  distribution  of  energy  during  the  process  of  compaction  of  a  finely 
divided  solid  is  discussed.  New  experimental  devices  for  these  studies  ave 
described. 

Experimental  measurements  of  the  shear  strength  of  powders  are 
reported.  Of  ptarticular  interest  is  the  finding  that  an  exponential  relation¬ 
ship  exists  between  shear  strength  and  the  bulk  density.  Data  relative  to 
the  feeding  of  pre -compacted  powders  In  piston-cylinder  systems  are 
reported. 

Results  are  given  covering  experiments. on  the  loss  of  viability  pro¬ 
duced  by  exposing  dry  biological  aerosols  to  heated  airstreama.  The  simu¬ 
lants  Bg^  and  Sm  were  exposed  to  temperatures  in  the  range  of  30* C  to 
130*C. 

The  findings  of  additional  experimental  studies  of  deagglomeration  by 
slipstream  energy  are  reported.  The  current  emphasis  is  on  assessment 
of  the  loss  in  effectiveness  due  to  agglomeration. 

Progress  on  feeding  systems  for  dry  agents  la  reported.  A  full-scale 
laboratory  model  of  the  feeding  system  for  an  airborne  disseminator  is 
described,  and  future  teat  plans  are  outlined. 

The  approach  to  be  used  in  designing  the  blow-down  wind  tunnel 
apparatus  for  future  dissemination  experiments  at  Fort  Dotrlck  is  dis¬ 
cussed.  The  principal  operating  parameters  of  this  system  are  given. 
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Progress  on  the  design  and  fabrication  of  the  liquid  agent  disseminating 
store  is  reported.  The  main  considerations  in  establishing  the  design  are 
outlined  and  the  status  of  this  part  of  the  project  Is  summarized. 

Additional  findings  of  the  systems  analysis  effort  are  reported.  Flow 
rates  (versus  down-wind  distance)  required  for  a  fixed  infection  probability* 
were  determined  using  the  solid  agents  LF  and  N. 
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1.  INTRODUCTION 

This  U  the  Sixth  Quarterly  Progress  Report  on  Contract  No.  DA-18- 
064<CML«2745  which  deals  with  the  dissemination  of  solid  and  liquid  BW 
agents.  * 

During  this  reporting  period,  work  was  continued  on  Phase  n  of  the 
project,  and  Phase  III,  which  covers  an  interim  two-month  continuation  of 
the  effort,  was  initiated. 

This  report  covers  progress  on  the  theoretical  and  experimental 
studies  of  the  characteristics  of  finely  divided  solids  which  are  being  con¬ 
ducted  on  a  continuing  basis  throughout  this  program  to  provide  data  per¬ 
tinent  to  the  design  and  development  of  disseminators.  Progress  on  the 
design  and  fabrication  of  a  liquid-agent  disseminating  store  is  also  sum- 
mariaed.  Additional  areas  of  investigation,  closely  reUted  to  the  future 
design  of  a  dry-agent  disseminating  store,  are  also  covered.  These  are 
the  wind  tunnel  studies  of  deagglomeration  by  aerodynamic  breakup,  the 
investigation  of  feeding  and  metering  concepts  and  the  systems  studies. 
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2.  THEORETICAL  STUDY  OF  THE  MECHANICS  OF  PARTICULATE 

MATERIALS 

Theoretic*!  etudiee  during  thie  reporting  period  have  been,  primarily 
concerned  with  the  energy  of  compaction  of  dry  powdere.  On  careful 
examination,  the  compaction  proceee  ie  found  to  be  very  complex,  even 
when  viewed  as  a  macroecoplc  phenomenon.  Before  a  rational  theory  of 
compaction  can  be  developed.  It  i*  necessary  to  construct  a  model  for 
powder  behavior  which  is  capable  of  describing  the  general  properties  of 
compacted  powders.  A  discussion  of  these  preliminary  theoretical  con¬ 
siderations  is  presented  herein,  together  with  new  experimental  data  on  the 
work  of  compaction  for  several  test  powders. 

2.  1  Theoretical  Studies  of  the  Process  of  Compaction  for  Dry  Powders 

When  a  powder  is  compacted,  the  work  done  on  the  powder  may  appear 
in  three  forms:  1}  an  increase  in  potential  energy  associated  with  inter - 
particle  bonds,  2)  stored  elastic  energy  In  the  bulk  powder,  and  3)  thermal 
energy  which  is  dissipated  during  the  process.  The  first  two  forms  of 
energy  are  reversible,  whereae  the  latter  Is  not  recoverable.  If  the 
stresses  applied  to  the  powder  in  the  course  of  compaction  are  removed, 
the  elastic  energy  stored  in  the  powder  wjU  be  recovered  externally, 
leaving  only  the  potential  energy  increment  permanently  stored  in  the  pow¬ 
der  in  its  compacted  state.  It  is  reasonable  to  assume  that  the  potential 
energy  duo  to  interparticle  bonds  depends  principally  on  the  configuration 
of  the  particle  making  up  the  powder  aggregate;  1.  e.  .  on  the  number  of 
particle  contacts  in  a  given  mass  of  powder.  Furthermore,  the  bulk  physi¬ 
cal  properties  of  a  compacted  powder  will  depend  upon  the  interparticle 
bond  energiee. 

It  is  apparent  that  several  fundamental  factors  must  be  considered  in 
the  compaction  process  for  a  given  powder.  Suppose  a  powder  of  initial 
bulk  density^  is  compacted  to  a  density  by  the  ejq>enditure  of  work  W. 
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Th«  work  done  on  th«  powder  can  be  axpreaeed  in  terme  of  the  work  done 
by  applied  aurf&ee  atreaaea  during  the  compaction  proceee.  The  following 
quaattona  ariae  In  regard  to  this  process: 

1)  What  fraction  of  the  work  W  appears  as  elastic  energy 
stored  in  the  powder,  with  the  stress  as  applied  to  reach 
the  final  compaction  state  maintained  after  compaction? 

2)  What  fraction  of  W  represents  the  Increase  in  potential 
energy  of  interparticle  bonds? 

.3)  What  is  the  process  of  energy  transfer  from  the  elastic 
component  (udiich  is  macroecopically  reversible)  to  the 
macroscopically  irreversible  potential  energy  and  dissipa¬ 
tive  components  during  compaction? 

4)  How  do  the  above  relationahlpe  depend  upon  the  path.  i.  e. , 
the  manner  of  application  of  stresses  during  compaction? 

In  order  to  resolve  these  queetiona.  several  interesting  experiments 
are  being  devised  as  described  below.  These  experiments  should  furnish 
an  insight  into  the  mechanism  of  compaction  which  is  required  in  formulat¬ 
ing  an  analytical  theory  of  compactibla  powders. 

2.  2  Fundamental  Compaction  Experiments 

Three  types  of  experiments  relating  to  the  compaction  of  dry  powders 
are  required  for  a  better  understanding  of  the  compaction  process.  The 
first  two  experiments  are  concerned  with  the  work  (or  energy)  required  to 
compact  a  given  pass  of  powder  between  two  density  states.  The  third 
experiment  would  measure  the  fraction  of  the  total  compaction  energy 
which  is  dleeipated  as  beat. 

2.  2.  1  Platon-Cyllnder  Compaction  Experiment 

The  piston -cylinder  experiment  is  designsd  to  permit  measurement  of 
the  totahenergy  W  absorbed  by  a  powder  during  compaction,  as  well  as  the 
fraction  of  this  energy  which  is  stored  in  recoverable  form,  i.  e. ,  elastically. 
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The  detailed  atructure  of  the  compaction  proctae  would  also  be  explored 
with  thla  apparatua,  that  ia.  the  way  in  which  the  work  done  on  the  powder 
la  abaorbed.  It  ia  anticipated  that  the  tranafer  of  energy  from  the  elaatlc 
component  by  internal  diaaipation  or  through  an  increaae  in  the  potential 
energy  of  particle  contacta  wlU  be  diecontinuoua.  Thia  behavior  ahould  be 
obaervable  in  teats  with  a  small  powder  sample  if  the  deformation  of  the 
powder  la  meaaured  with  a  sensitive  apparatua. 

An  Improved  version  of  the  piston -cylinder  cbmpaction  apparatua  uaed 
in  previous  work^  la  being  dealgned  for  thia  Inveatlgation.  The  device, 
shown  schematically  in  Figure  2.  1.  will  employ  a  strain  gage  transducer 
for  measurement  of  the  stress  applied  to  the  powder.  A  sensitive  differen¬ 
tial  transformer  will  be  used  to  measure  displacements  of  the  piston.  The 
applied  stress  and  resulting  displacement  wiU  be  recorded  simultaneously 
during  the  experiment. 

2.  2.  2  Hydrostatic  Compaction  Experiment 

The  piston-cylinder  compaction  experiment  will  provide  numerical 
data  on  compaction  energy  as  a  function  of  density  under  the  conditions  of 
the  tost,  that  is.  subject  to  the  constraints  and  loading  condltlona  imposed 
by  the  apparatus.  Since  the  results  obtained  may  depend  to  a  considerable 
degree  on  the  apparatus  used.  It  is  desirabls  to  measure  the  compaction 
energy  under  conditions  where  no  constraint  iseroposed  by  the  apparatus. 
This  can  be  done  with  the  hydrostatic  compaction  apparatus  shown  In 
Figura  2.  2.  In  this  test  the  powder  sample,  which  is  sealed  within  a  thin 
water-tight  membrane,  is  placed  in  a  pressure  chamber.  A  hydrostatic 
pressure  is  then  gradually  applied  and  changes  in  volume  of  the  sample 
noted.  The  work  done  in  compacting  the  sample  is  J  pdV,  where  p  is  the 
chamber  pressure  and  V  is  the  chamber  volume.  It  will  bo  necessary  to 
vent  the  powder  sample  as  shown  in  the  figure. 
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Screw  for  Advancing  Platon 


Figure  2.  1  Piston -Cylinder  Apparatus  for 
•  Measuring  Work  of  Compaction 
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Calibrated  Capillary 
Tube  for  Measuring 
Volume  Change 


e 

Figure  2.  2  Apparatus  for  Measuring  Work  for 

Compaction  under  Hydrostatic  Loading 
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It  la  quite  poaalble  that  the  energy  of  compaction  obtained  from  the 
hydroatatic  compaction  experiment  will  agree  with  reaulta  from  the  piaton- 
cylinder  teat.  In  thia  caae.  the  compaction  energy -denalty  relationahlp  for 
a  powder  may  be  conaidercd  to  be  a  fundamental  of  the  property  powder. 

Thia  concluaion  would  be  of  great  importance  in  the  development  of  an 
analytical  theory  of  powder  mechanica. 

2.  2.  3  Meaaurement  of  Eriergy  Diaaipation  during  Compaction 

The  energy  dtaalpated  ae  heat  during  the  compaction  proceea  can  be 
evaluated  by  directly  measuring  the  temperature  rise  within  the  powder.  It 
appears  likely  that  most  of  the  work  done  in  compacting  a  loose  powder  will 
be  dissipated  by  internal  friction,  at  leaet  in  the  initial  stages  of  compac¬ 
tion.  If  the  fraction  of  the  applied  work  which  is  dissipated  during  compac¬ 
tion  of  a  powder  can  be  experimentally  determined,  important  concluaiona 
may  be  reached  regarding  the  ease  of  deagglomerating  the  material,  since 
the  balance  of  the  energy  would  be  attributed  to  interparticle  bond  energies. 

An  attempt  to  measure  energy  dissipation  within  a  powder  undergoing 
compaction  will  be  made  using  the  piston-cylinder  apparatus  shown  sche¬ 
matically  In  Figure  2.  1.  The  temperature  rice  will  be  measured  by  using 
a  thermopile  having  a  large  number  of  junctions  in  eerlee  within  the  pow¬ 
der,  with  intermediate  Junctions  maintained  at  a  fixed  temperature  outside 
the  powder  bed.  Preliminary  calculations  indicate  that, the  temperature 
rise  corresponding  to  energy  inputs  of  about  10^  erge/gram  would  be  about 
0.  01  "C  (lor  talc,  this  energy  input  would  yield  a  bulk  density  of  about 
0.  55  g/cc).  This  estimate  of  the  powder  temperature  rise  assumes 
that  all  of  the  energy  input  is  dissipated  as  heat  and  that  the  specific  heat  of 
the  powder  is  about  0.  25  cal/gram.  It  will  of  course  be  necessary  to  mea¬ 
sure  the  specific  heat  of  the  powder  in  its  compacted  state  in  order  to  In¬ 
terpret  the  experimental  results.  Although  this  experiment  will  be  rather 
difficult  to  perform  with  satisfactory  accuracy,  because  of  the  very  small 
energy  involved  in  the  compaction  process,  positive  results  will  be  of  essen¬ 
tial  importance  in  the  formulation  of  an  analytical  compaction  theory. 
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Work  is  presently  in  progress  in  designing  apparatus  and  developing 
experimental  procedures  for  these  compaction  experiments. 

Z.  3  Experimental  Studies  on  the  Work  of  Compaction 

During  this  reporting  period,  the  work  of  compaction  was  determined 
as  a  function  of  density  for  several  powders,  using  the  apparatus  and  ex¬ 
perimental  technique  employed  in  earlier  experiments  with  talc  powder^. 
The  results  of  these  tests  are  shown  in  .Figure  2.  3  for  the  following  pow¬ 
ders;  saccharin.  Sm,  corn  starch  and  tale.  Within  the  accuracy  of  the 
measurements,  the  net  work  of  compaction  (i.  e. ,  the  total  work  done  on 
the  powder  leas  the  elastic  energy  stored  in  the  powder)  was  found  to  be 
related  to  the  bulk  density  by  a  relationship  of  the  form:  W  *  C/cP^,  where 
W  is  the  work  in  ergs/gm.  The  constants  of  the  equation  are  given  in  the 
following  table: 


Powder 


n 


C  X  10'® 


Talc  4.  37 

Saccharin  3. 80 

Sm  6.  95 

Cornstarch  11.80 


9.  75 
10,  5 
56.  3 
4.  4 


As  pointed  out  in  the  kbove  discussion  (Section  2.  2.  2),  these  results 

« 

may  be  influenced  by  the  apparatus  used  for  compaction  of  the  powder. 
However,  it  appears  possible  that  the  power-law  relationship  between  com¬ 
paction  work  and  bulk  density  may  be  valid  for  a  number  of  powders. 
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'W/m.  Work  of  compactioa  per  gram,  ergs/grain  x  10 


1  1.5  2  2. 53  4  56789  10 


/0~^  (bulk  deaiity  grazns/cm^) 


Figure  2.  3  Work  of  Compaction  per  Gram  veraua 

Reciprocal  Bulk  Deneity  for  Several  Powders 
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3.  EXPERIMENTS  ON  THE  CHARACTERISTICS  OF  POWDERS 


In  order  to  determine  those  fundamental  properties  of  finely 'divided 
dry  powders  which  affect  their  feeding  and  handling  characteristics,  infor¬ 
mation  is  being  obtained  on  the  coefficient  of  friction  of  powders  sliding 
against  various  materials,  the  bulk  density  of  powders  as  a  function  of 
compressive  load,  and  the  shear  strength  of  powder  beds.  These  charac¬ 
teristics  will  then  be  correlated  to  the  output  and  energy  required  to 
operate  such  powder  feeding  devices  as  piston  and  screw  feeders. 

3. 1  Shear  Strength  of  Powders  as  a  Function  of  Compressive  Stress 

The  shear  strength  of  powders  is  being  studied  as  one  of  the  Important 
factors  to  be  considered  in  determining  the  energy  required  to  operate  a 
piston  or  screw  feeder.  When  fine  powder  is  discharged  from  a  cylinder 
or  a  screw  there  is  generally  some  powder  remaining  on' the  walls. 
Therefore,  energy  hae  been  eiqiended  in  shearing  this  powder  from  the 
mass  of  powder  which  was  discharged. 

The  "sliding  disc"  method  used  to  measure  the  shear  strength  of  pow¬ 
ders  haa  been  described  in  a  prevloVis  report  and  results  obtained  on  Sm, 
talc,  and  polyvinyl  alcohol  have  been  presented.  ^  During  the  period 
covered  by  this  report,  shear  strength  measurements  were  made  on  Bg 
(Bacillus  globigii)  powder  as  a  function  of  moisture  content.  These  mea¬ 
surements  were  made  in  a  controlled  humidity  chamber  described  in  a 
previous  report^.  The  humidity  range  of  these  teste  was  fr6m  <  1  percent 
to  60  percent  relative  humidity  at  78*F.  For  each  humidity  where  shear 
strength  measurements  were  made,  a  sample  of  the  powder  was  analyzed 
for  moisture  content  according  to  the  method  of  Flosdorf  and  Webster^. 

This  method  involves  measuring  weight  loss  upon  heating  for  22  to  24  hours 
at  50*C  in  a  vacuum  oven  at  50  to  lOCys  pressure.  Table  3,  1  shows  the 
moisture  content  of  two  powders.  Bg^  and  Sm  at  various  relative  humidities. 
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Table  3. 1  Moleture  Content  of  Bg  and  Sm 
at  Various  Relative  jli^idltias' 


Relative  H\unldity  Moisture  Content  of 

(%  at  78*F)  Ba  Powder  (%) 


Moisture  Content  of 
Sm  Powder  {%) 


1 

2.4 

2.  8 

15 

5.  0 

3.4 

30 

7,  3 

5.3 

45 

11.6 

11.  7 

60 

14.  8 

17.7 

Figure  3.  1  shows  the  shear  strength  of  ^  powder  versus  the  com« 
pressive  load  for  varying  powder  moisture  content.  It  will  be  noted  that 
the  shear  strength  changes  very  little  as  the  moisture  content  of  the  powder 
is  increased  from  2.4  percent  to  11.  b  percent.  However,  at  14.8  percent 
moisture  content  the  shear  strength  definitely  decreases.  Figure  3.2  pre¬ 
sents  a  comparison  of  the  shear  strength  of  two  powders,  Bg  and  Sin,  for 
varying  moisture  content  at  a  constant  compressive  load  of  13  x  10 
dynes/cm^.  The  shear  strength  of  Sm  increases  with  increasing  moisture 
content  until  it  reaches  a  maximum  value  at  a  moisture  content  somewhere* 
between  3.  4  percent  and  11.7  percent  and  then  decreases  with  increasing 
moisture  content.  The  shear  strength  of  ^  powder  remains  relatively 
constant  up  to  a  moisture  content  of  11.6  percent  and  then  decreases  with 
increasing  moisture  content.  Shear  tests  on  talc  powder  were  extended  to 
higher  compressive  stresses  during  the  present  period.  Extrapolation  of 
the  original  shear  strength  data  on  talc  agrees  very  well  with  the  new  data 
at  higher  compressive  stresses.  Both  the  original  and  new  data  are  pre¬ 
sented  graphically  in  Figure  3.  3.  It  is  apparent  that  a  linear  relationship 
between  shear  strength  and  compressive  stress  can  be  used  to  represent 
the  data  obtained  thus  far. 
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Figure  3.  1  Shear  Strength  as  a  Function  oi  Compressive  Load  for  Bg  Powder 


Shear  Stxeagth  idynes/cm 


Shear  strength  measurements  on  cornstarch  as  a  function  of  compres¬ 
sive  stress  were  Initiated  during  this  pei*i<fd.  The  data  obtained  to  data  are 
presented  in  Figure  3.  4.  Again,  a  linear  relationship  between  shear 
strength  and  compressive  stress  was  found  in  the  region  studied. 

Future  work  will  be  directed  at  extending  measurements  on  all  powders 
to  higher  compressive  loads,  and  auxiliary  teats  will  be  made  to  determine 
the  bulk  densities  created  by  these  compressive  loads  In  order  to  correlate 
shear  strength  with  bulk  density  for  this  particular  test. 

3.  Z  Shear  Strength  as  a  Function  of  Bulk  Density 

Previous  tests  on  the  shear  strengths  of  powders  were  made  by  the 
"sliding  disc"  method.  This  methodTgives  the  shear  strength  of  a  thin 
layer  of  powder  which  is  subjected  to  a  known  compressive  stress  before 
and  during  the  application  of  a  shearing  force.  Thus,  one  can  find  the 
shear  strength  as  a  function  of  compressive  stress.  The  bulk  density 
created  by  the  compressive  stress  cannot  be  directly  determined  in  this 
particular  test.  Because  data  concerning  the  shear  strength  as  a  function 
of  bulk  density  are  essential  to  this  progretm.  a  new  technique  was  explored 
for  obtaining  such  information. 

The  apparatus  shown  in  Figure  3.  5  consists  of  three  lengths  of  1.  37- 
inch  1.0.  aluminum  tubing.  Two  pieces.  2-1/4  inches  and  10  inches  in 
length  are  held  in  concentric  alignment  by  a  piece  of  90 -degree  angle 
aluminum,  to  which  they  are  attached  with  epoxy  resin.  The  angle  alumi¬ 
num  ie  in  turn  attached  to  a  small  stand.  These  two  pieces  of  tubing  are 
spaced liuch  that  the  gap  between  them  is  slightly  greater  than  one-half 
inch.  The  third  piece  of  tubing  is  one-half  inch  in  length  and  slips  easily 
Into  this  gap.  A  small  eyelet  is  attached  to  the  outer  surface  of  this  ring. 

The  procedure  in  making  a  test  is  as  follows:  the  ring  ie  ineerted  in 
place,  and  small  shims  are  inserted  in  the  spaces  between  the  ring  and  the 
tubes.  The  entire  apparatus  is  placed  on  end.  with  the  short  sections 
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20  ao  40  60  80  100 

Compressive  Stress  (dynes/ cm^  x  10"^) 


Figure  3.  4  Shear  Strength  of  Cornstarch  as  a 
Function  of  Compressive  Stress 
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b.  Shear  Strength  Measurement 


Figure  3,  5  Apparatus  for  Determining  Shear  Strength  versus  Bulk  Density 
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n«r«8t  the  bottom.  The  tube  ie  thea  filled  ^th  powder,  and  the  powder  U 
compressed  with  a  piston.  The  piston  is  rsmoved.  the  tube  is  returned  to 
a  horiaontal  position,  and  the  shims  are  removed.  A  force,  measured  u(^th 
a  strain  gage  transducer.  Is  applied  to  the  eyelet  until  the  powder  is 
sheared  and  the  ring  lifts.  The  ring  and  the  powder  within  it  are  then 
weighed,  and  the  average  bulk  density  is  calculated.  The  shearing  force  is 
the  difference  between  the  lifting  force  and  the  weight  of  ring  and  powder. 
The  shear  strength  can  now  be  calculated.  Obviously,  different  bulk  den- 
sities  are  obtained  by  using  different  amounts  of  powder  and  different  com¬ 
pressive  forces, 

A  study  has  been  made  of  the  manner  In  which  local  bulk  dens^ity  varies 
with  distance  along  a  plug  of  powder  after  compression  in  a  tube.  It  was 
found  that  for  some  powders  there  is  a  region  near  the  bottom  of  the  tube  in 
which  the*local  bulk  density  is  essentially  constant  over  relatively  large 
distances.  It  is.  of  course,  desirable  that  the  bulk  density  at  both  faces  of 
the  ring  be  as  nearly  equal  as  possible  in  the  present  test  method.  With 
this  in  mind  the  apparatus  was  designed  so  as  to  locate  the  ring  in  this 

region. 

It  was  found  that  such  a  flat  region  does  not  exist  for  talc,  tjic  powder 
which  was  used  for  the  initial  experiments.  This  does  not  present  any  real 
problem,  however.  The  lifting  force  is  given  by 

F  =  ASj  +  AS2 

where  A  is  the  area  of  the  shearing  surface  and  and  S2  are  the  shear 
strengths  at  the  two  regions  of  shear  where  bulk  denelty  Is/?^  and/>2.  If 
S,  and  S,  differ  due  to  different  values  of/Oj  and/^g.  we  can  say 

F  »  2A5 
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whars; 


i  : 


5  «  1/2  (Sj  +3^)  (3.  3) 

Thu«t  it  if  the  average  of  the  two  ehear  strengthf  which  if  measured. 

Within  any  email  interval S/0  it  if  asfumed  that  the  shear 

strength  Si/O)  is  a  linear  function  oi^: 

.  (3.4) 

■ 

Thus,  the  shear  strength  at  the  center  of  the  interval  can  be  approximated 
by  the  average  of  the  shear  strengths  at  the  end  points  of  the  interval. 

Also,  the  value  obtained  for  the  bulk  density  is  the  average  bulk  den* 
sity  throughout  the  entire  ring.  This  closely  approximates  the  average  of 
the  local  bulk  densities  at  the  end  points.  Therefore,  one  can  then  say  that 
the  average  shear  strength  Sis  measured  corresponds  to  the  average  bulk 
density  as  measuredi  provided  the  difference  between  the  local  bulk  densi¬ 
ties  at  the  shearing  faces  is  not  too  great. 

The  apparatus  was  constructed  and  tests  were  made  to  determine  if 
binding  between  the  ring  and  tube  would  be  a  p/oblem.  This  affect  was 
found  to  be  negligible. 

A  set  of  preliminary  measurements  were  then  made  on  talc  and  the 
results ’are  presented  in  Table  3.  2  and  Figure  3.  6.  When  plotted  on  semi- 
log  paper  (Figure  3.7)  a  straight  line  results.  This  indicates  a  function  of 
the  form: 


SyO)  >  Kje 


(3.  5) 


or,  in  other  words,  the  shear  strength  is  an  exponential  function  of  the  bulk 
density. 
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Bulk  Denaity,  gm/cxn 

Figure  3.  7  Semi-Log  Plot  of  Shear  Strength  versus 
Bulk  Density  for  fTalc  Powder 
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Further  analysis  of  this  technique  is  planned  during  the  next  quarter  to 
determine  whether  this  particular  test  is  measuring  pure  shear  strength, 
or  a  combination  of  shear  stress  plus  force  of  compaction,  during  lifting  of 
the  ring. 


Table  3.  2  Shear  Strength  of  Talc  Powder 

Compressed  to  Different  Bulk  Densities 


Lifting  Force 
(dynes  x  10“^) 

Shearing  Force 
(dynes  x  10“3) 

Shear  Strength 
(dynes/cm^  x  10“^) 

Bulk  Density 
(gm/cm3} 

16.  7 

7.30 

0.  404 

0.  K9 

25.  0 

15.1 

0.  833 

0.  304 

46.  3 

35.7 

1.  97 

0.  371 

66.  0 

54.9 

3.  03 

0.408 

135 

124 

6.  81 

0.  463 

259 

248 

13.  6 

0.  525 

406 

393 

21.  7 

0.544 

482 

469 

25.  9 

0.560 

565 

552 

30.  5 

0.  576 

874 

860 

48.  2 

0.  625 

982 

968 

53.  4 

0.  637 

1,  830 

1.820 

100.  0 

0.  686 

3.  3  Piston-Cylinder  Experiments 


Since  the  last  reporting  period,  the  piston -cylinder  apparatus  has  been 
modified  by  Incorporating  a  dynamometer  to  measure  the  applied  force  and 
a  Brush  oscillograph  to  record  the  force.  A  further  modification  of  the 
technique  was  the  use  of  compacted  plugs  of  powder.  Information  has  been 
obtained  on  the  force  required  to  move  powder  plugs  which  have  been  com¬ 
pacted  to  a  uniform  density.  Uniform  density  throughout  the  length  of  the 
plug  was  achieved  by  a  lamination  process  in  which  small  amounts  of  pow¬ 
der  were  added  to  and  compacted  in  the  cylinder  in  a  stepwise  fashion  until 
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the  desired  plug  length  wee  obtained.  Previoue  data  were  limited  to  pow« 
dir  columni ’which  were  uneompaeted  prio^  to  the  application  of  the  reeia- 
live  force  During  the  present  reporting  period,  a  comparison  was 

made  of  the  force  required  to  move  both  uniformly  compacted  and  uncom¬ 
pacted  plugs  of  talc,  cornstarch,  and  Bg  powder  through  a  cylinder. 

To  review  briefly  the  test  procedure,  reference  Is  made  to  Figure  3.  8. 
The  applied  force  (F^)  necessary  to  Initiate  movement  of  the  powder  plug 
of  length  L.  Is  determined  when  the  plug  la  subjected  to  a  resistive  force 
(Fj^).  In  the  case  of  compacted  plugs  of  uniform  density,  experiments 
were  performed  In  which  the  resistive  force  (F was  varied  from  4  per¬ 
cent  to  100  percent  of  the  force  which  was  used  In  forming  the  laminated 
plug.  • 

The  cylinder  used  for  the  current  experiments  was  made  of  suinlesa 
steel  with  an  1.  D.  of  1. 5  inches  and  a  surface  roughness  of  10  to  15  micro¬ 
inches. 

For  the  uncompacted  powder  plugs,  a  plot  of  the  ratio  of  the  applied 
force  to  the  resistive  force  (F^/Fj^>  against  the  ratio  of  the  final  plug 
length  to  its  diameter  (L/D)  yielded  a  straight  line  when  plotted  on  seml- 
log  paper  (Figures  3.  3.  10,  and  3.  11),  Thus,  in  the  uncompacted  state, 

the  behavior  of  Ulc,  cornstarch,  and  Sg  powders  follows  the  relationship 
reported:* 


F^/F 


R 


(3.  6) 


When  talc  or  cornstarch  was  laminated  with  a  compressive  force  (Fq) 
to  form  a  plug  of  uniform  density  and  the  movement  wae  restricted  with  a 

e 

reduced  load  (the  resistive  force,  Fj^)  then  the  force  required  to  move  the 
plug  (F^)  was  identical  to  that  required  to  move  an  uncompacted  plug  of  the 
same  length  subjected  to  the  same  resistive  force,  provided  that  Fj^  was 
greater  than  some  critical  value  (C).  In  other  words,  the  results  with 
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Flgura  3.  8  Piston-Cylinder  Device 


Page  determined  to  be  Unclassified 
Reviewed  Chief,  ROD,  WHS 
I  AW  EO  13636,  Seotloh  3.6 
tJat®'  1  fi  <5ft« 


3-15 


3-16 

Page  determined  to  be  Unclassified 
Reviewed  Chief,  ROD,  WHS 
lAW  EO  1352S,  Seetten  3.5 
Date: 

JUL  1  9  2013 


10 

9 

8 


plugs  of  uniform  density  yielded  the  identical  stralgljt  line  upon  making  a 
semi  >log  plot  of  versus  L/D  providing  C  S  ~  ^  resis¬ 

tive  force  was  less  than  the  critical  forcoi  C,  then  a  new  curve  was 
generated.  Figures  3.  9  and  3. 10  udtlch  present  the  results  for  talc  and 
cornstarch  respectively  illustrate  this  behavior.  At  small  L/D  the  slope  of 
the  curves  obtained  when  F|^  is  less  than  the  critical  force  is  greater  than 
the  slope  of  the  straight  line  obtained  vdien  C  S  —  F^.  The  slope  in¬ 
creases  as  the  difference  between  and  F^  becomes  larger.  However, 
at  large  L/O  (1.  5  to  3.  0),  the  slope  of  the  curves  becomes  approximately 
equal  to  that  of  the  straight  line.  The  exact  value  of  the  critical  force,  C, 
was  not  determined:  however,  it  appears  to  be  equal  to  approximately  20 
percent  of  the  laminating  force.  P^,  used  In  forming  the  plug  of  uniform 
density.  The  full  significance  of  these  findings  has  not  been  determined  at 
this  time,  Further  experimente  will  have  to  be  performed  before  a  con¬ 
clusion  can  be  reached. 

Piston-cylinder  tests  on  Bg  powders  were  performed  only  with  uncom¬ 
pacted  plugs.  The  results  obtained  are  presented  in  Figure  3.  11.  The 
value  of  the  slope  {C/jt)  of  the  straight  line  obtained  Is  0,  237  for  ^com¬ 
pared  to  0.  315  for  talc  and  0.  l3i  for  cornstarch. 

3.  4  Experiments  with  a  Laboratory  Screw  Feeder 

One  of  the  techniques  previously  considered  for  feeding  and  metering 
dry  powders  is  the  screw  feeder.  Preliminary  experiments  were  per¬ 
formed  to  determine  the  output  of  such  a  device  as  a  function  of  advance¬ 
ment  of  the  screw.  ^  Results  obtained  indicated  that  the  rotational  spaed 
would  have  to  be  programmed  in  order  to  achieve  a  constant  output  of  pow¬ 
der.  To  further  determine  the  feasibility  of  this  system,  experiments 
were  made  to  determine  the  torque,  both  starting  and  maximum,  required 
to  operate  such  a  feeder,  and  the  efficiency  of  the  feeder  in  terms  of  the 
percent  of  initial  powder  charge  which  le  ejected. 
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Six  powders  were  tested  in  a  laboratory  scale  unit.  The  powders  were 
3mi  talc  18,  polyvinyl  alcohol  (PVA  72-Sl),  saccharin  and  cornstarch. 
The  cornstarch  used  was  a  commercial  grade  containing  about  3  percent  of 
tri-calcium  phosphate  additive  to  Inhibit  caking.  An  attempt  was  made  to 
correlate  the  results  obtained  in  the  screw  feeder  with  other  physical  pro¬ 
perties  of  the  powder  tested. 

3.  4.  1  Experimental  Apparatus 

The  screw  feeder  (Figure  3. 12)  consisted  of  an  aluminum  cylinder 

4.  75  cm  in  diameter  and  25.  8  cm  long.  The  screw,  4.  4  cm  In  diameter 

% 

and  consisting  of  five  turns,  was  made  of  steel.  A  volume  of  351  crn  was 
available  for  the  powder.  The  screw  was  mounted  in  two  ball  bearing 
races,  resulting  in  a  non-load  torque  which  wal  found  to  be  insignificant  in 

comparison  to  the  torque  required  under  full  load  conditions. 

• 

A  second  aluminum  cylinder  was  placed  around  thb  screw  feeder.  For 
convenience  in  loading,  a  slot  2  cm  wide  was  cut  the  length  of  the  feeder  in 
the  inner  cylinder.  A  slot  4  cm  wide,  centered  over  the  opening  in  the 
inner  cylinder,  was  cut  in  the  out8r  cylinder.  The  material  cut  from  the 
outer  cylinder  was  used  ae  a  cover  for  the  feeder  to  prevent  powder  from 
being  forced  out  of  the  feeder  during  operation. 

To  measure  the  efficiency  of  the  screw  feeder,  a  technique  for  weigh¬ 
ing  the  powder  forced  out  of  the  feeder  during  revolution  of  the  screw  was 
devised.  The  technique  used  consisted  of  two  strain  gages  applied  to  each 
of  4  thin  split  rings  fastened  between  a  base  plate  and  a  metal  pan  (Figure 
3.  13).  A  paper  insert  was  placed  in  the  pan  to  catch  the  powder  as  it 
emerged  from  the  feeder.  The  output  of  the  full-bridge  strain  gage  circuit 
was  fed  to  a  Sanborn  170  dual  channel  recorder.  In  this  manner,  a  con¬ 
tinuous  record  of  the  amount  of  powder  that  was  ejected  from  the  feeder 
during  revolution  of  the  screw  was  obtained 
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The  torque  required  to  operMe  the  .crew  feeder  we.  meewjred  with  a 

cantilever  beam,  .train-gage  .ystem.  Two  .train  gage,  were  fastened  to 

each  .id.  of  a  thin  alumlnun,  beam.  Thi.  beam  wa.  fa.tened  at  one  end  to 
a  movable  cart  (Figure  3. 13).  The  cart  wa.  puUed  along  a  track  by  mean, 
of  a  con.Unt  .peed  motor.  The  torque  required  to  turn  the  .crew  wa. 
m.a.ured  and  fed  to  the  .econd  channel  of  the  Sanborn  recorder. 

Aphotocell-ahutter  arrangement  indicated  the  completion  of  each 
revolution  of  the  .crew  by  a  mark  on  the  recorder  paper.  In  thi.  manner, 
a  complete  record  of  torque  and  powder  discharged  per  revolutton  wa.  ob- 

tained. 

3.4.2  ExperimenUl  Technique 

Preliminary  te.t.  were  made  on  the  .crew  feeder  with  each  of  the  .ix 
powder..  Routine,  were  e.tabli.hed  that  gave  order,  of  magnitude  for 
torque  and  efficiency  of  the  feeder.  In  the  caae  of  corn.tarch,  polyvinyl 
alcohol  and  talc,  replicate  meaeurement.  were  performed  at  lea.t  10 

time..  At  lea.t  2  te.t.  were  mad.  on  the  other  powder..  No  attempt  wa. 

mad.  to  compre..  the  powder  into  the  feeder.  Each  segment  of  the  .crew 
wa.  filled  in  approximately  the  same  manner  yielding  nearly  con.Unt 
value,  for  the  toul  amount  of  powder  placed  in  th.  feeder  m  each  replicate 
te.t.  Table  3.  3  give,  the  average  bulk  density  calculated  for  th.  powder  in 

the  feeder. 

At  the  .tart  of  each  experiment,  the  position  of  the  .crew  wa.  Identical. 
The  powder  wa.  then  placed  into  the  feeder,  and  the  amount  of  powder 
determined  by  weighing.  Baaed  on  the  volume  of  the  feeder  (351  cm  ).  the 

average  bulk  density  wa.  calculated.  The  .train  gage  weighing  system  wa. 

caUbrated  with  dead  weights  prior  to  the  te.t.  A  cord  of  sufficient  length 
to  permit  12  revolution,  of  the  .crew  wa.  wrapped  around  the  end  of  the 
screw.  The  resulting  lever  arm  was  1.  91  cm.  The  cord  was  atUched  to 
the  cantilever  beam  on  the  cart,  and  th.  pan  .train-gag.  sy.tem  wa.  pUced 
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Tat)le  3.  3  Torque  Required  to  Move  Various  Powders  through  Lsiborstozy  Screw  Feeder 
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Powder 

Torque 

(dyne  -  cm  x  i0“3) 
Starting  Maximum 

Ratio 

MaaitTOinn  Toroue 
Starting  Torque 

Initial 

Charge 

(gm) 

Apparent 
Bulk  Density 
(gm/cm^) 

Amount 

Ejected 

(«nn) 

Percent 

Ejected 

Corastarch 

600 

890 

1.48 

218 

0.  621 

179 

82 

PVA  72-51 

390 

540 

1.39 

125 

0.356 

121 

97 

T«lc-18 

350 

880 

2.51 

no 

0.  313 

86 

78 

SOQ 

86C 

1940 

2.  26 

135  - 

0. 385 

98 

73 

320 

630 

1.97 

79 

0.  225 

54 

68 

Saccharin 

1120 

1900 

1.70 

98 

0.279 

60 

61 

3 

Volume  of  Screw  Feeder:  351  cm 


under  the  outlet  of  the  feeder.  With  both  of  the  etrein  gage  brldgee 
balanced,  the  continuous  speed  naotor  was  started  which  towed  the  cantl- 
lever  bean  over  the  track  and  rotated  the  screw. 

At  the  first  movement  of  the  screw,  the  photocell  circuit  noted  the 
movement  on  the  chart.  The  torque  required  for  this  movement  was  con¬ 
sidered  to  be  the  starting  torque.  For  each  powder  tested,  the  torque 
continued«to  increase  until  approximately  one  revolution  had  been  com¬ 
pleted.  This  increase  was  probably  due  to  compaction  of  the  powder. 

After  the  first  revolution,  the  torque  started  to  decrease  with  little  more 
than  the  inherent  friction  of  the  fee^r  being  recorded  during  the  Ust  of  the 
revolutions.  Each  run  required  approximately  2.  2  minutes  for  the  12 
revolutions  required  to  empty  the  screw  feeder. 

3.4.3  Experimental  Results 

The  results  of  th*e  fasts  on  the  screw  feeder  ars  presented  in  two 
forms.  In  Table  3.  3,  the  starting  and  maximum  torque,  the  amount  of 
powder  used  In  the  teat,  the  average  bulk  density  of  the  powder,  the  amount 
of  powder  ejected,  and  the  efficiency  of  the  feeder  are  recorded.  Flguree 
3. 14  and  3. 15  present  the  actual  curves  from  which  these  data  were  ob- 
Uined.  The  scales  noted  on  the  curves  in  these  figures  are  different  for 
the  various  powders  because  of  the  different  attenxiator  settings  required. 

It  should  be  noted  that  each  powder  has  its  own  ’’signature". 

Corneurch  exhibits  the  most  peculiar  torque  curve  In  that  pronounced 
itick-ellp  behavior  causes  high  torque  spikes.  The  amplitude  and  fre¬ 
quency  of  the  spikes  decrease  with  decreasing  amount  of  powder  remain¬ 
ing  in  the  feeder  once  the  maximum  value  of  torque  is  reached.  The  maxi¬ 
mum  torque  curve  peak  is  not  as  defined  in  the  case  of  cornstarch  as  with 
other  powders.  The  small  plateau  in  the  amount-ejected  curve  (fourth 
revolution)  is  associated  with  slip  in  the  motor  turning  the  screw  during 
this  particular  test.  It  Is  not  typical  of  the  powder.  Cornstarch  was 
ejected  in  bursts  corresponding  to  the  stick-slip  torque  curve. 
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Fiauife  3.  14  Screw  Feeder  Torque  and  Output  Data  for 
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Screw  Feeder  Torque  and  Output  Data  for 
Sm,  Bg.  and  Saccharin  Powdere 
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Table  3.  3  shows  that  cornstarch  had  the  highest  average  bulk  density 
{0.  621  gm/cm\  and  the  second  highest  efficiency  (82. 1%).  In  the  case  of 
each  powder  except  PVA.  a  core  the  alae  of  the  screw  was  sheared  from 
the  powder  leaving  a  coating  on  the  waUs  of  the  feeder  approximately  1.  S 
mm  thick.  PVA  left  no  such  shell  and  had  the  highest  efficiency  (96.  8%). 

An  attempt  to  relate  the  "coring  effect"  of  the  powders  to  friction 
between  the  powders  and  the  aluminum  feeder  was  made.  Because  of  the 
extreme  difficulty  in  making  a  plug  of  cornstarch  for  use  in  the  tilting  table 
technique  for  determining  friction  coefficients  \  only  a  rough  value.of  1.  30 
to  0,.  65  for  the  coefficient  of  friction  against  aluminum  could  be  obtained. 

A  similar  measurement  on  PVA  yielded  a  value  of  0.  26  +  0.  07.  Testa  on 
ths  other  powders  yielded  values  of  0.58  +  0.  10  for  talc.  1. 01  +0.  40  for 
saccharin,  0.  61  +  0.  li  for  Bg.,  and  0. 65  +  0.  21  for  A  mmimum  of 

eight  coefficient  of  friction  tests  were  made  on  each  powder.  As  expected, 
the  material  with  the  lowest  coefficient  of  friction  (PVA)  was  the  one  that 
did  not  leave  a  layer  of  powder  on  the  cylinder. 

The  powder  output  curve  for  PVA  is  quite  smooth,  and  a  nearly  uni- 
form  rate  of  emptying  is  exhibited  during  the  first  seven  or  eight  revolu- 
Uons.  The  torque  curve  is  highly  peaked  with  the  maximum  torque  being 
reached  early  followed  by  an  immediate  decrease. 

The  torque  curve  for  talc  is  nearly  eymroctrlcal  for  the  first  five 
revolutions  with  the  maximum  torque  occurring  after  the  second  revolution. 
Ejection  of  the  powder  occurs  at  a  nearly  constant  rate  for  the  first  seven 
*  revolutions  and  then  decreases  grad^ially  after  that. 

Behavior  of  Sm  during  ejection  is  nearly  the  same  aa  that  for  talc. 

The  plateau  inHhe  output  curve  after  the  third  revolution  is  associated  with 
a  slip  in  the  screw  drive  eystem  as  is  the  dip  in  the  torque  curve.  The 
shape  of  the  torque  curve  is  similar  to  that  for  talc  except  that  the  maxi¬ 
mum  torque  occurs  earlier.  The  torque  curve  during  ejection  of  Sm  is 
much  smoother  than  that  for  Ulc  with  less  slipping  occurring.  The  irregu- 
lar  spacing  of  the  revolution  markings  is  due  to  variation  in  the  screw  speed, 
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At.th«  «crew  Is  turned  by  the  cord  attached  to  the  atrain*gage  cart,  stick¬ 
ing  of  the  screw  may  causa  It  to.  atop  Juat  after  a  revolution  mark.  The 
following  slip  may  turn  the  screw  almost  to  the  point  wber*e  another  revolu¬ 
tion  mark  would  be  recorded,  making  the  interval  slightly  longer  than  it 
would  be  if  the  fcrew  had  turned  smoothly.  In  like  manner,  a  shorter  than 
average  interval  could  be  fornoed. 

Ejection  of  B^from  the  screw  feeder  tends  to  occur  in  small  bursts  at 
times  indicated  by  the  small  blips  on  the  powder  output  curve.  However,  the 
amount  ejected  per  revolution  of  the  screw  is  quite  uniform  for  the  first 
seven  revolutions.  The  torque  curve  indicates  stick -slip  behavior  similar 
to  but  not  as  large  in  magnitude  as  that  observed  with  cornstarch.  The 
revolution  rate  of  the  screw  was  unaffected  by  the  stick-slip  action.  The 
torque  curve  for  resembles  the  cornstarch  curve  in  that  a  small  plateau 
occurs  at  the  maximum  value  of  torque. 

With  saccharin,  ejection  of  powder  in  bursts  is  nnore  evident  than  with 
any  of  the  other  powders,  and  this  behavior  lasts  throughout  the  entire  run. 
The  torque  curve  is  more  irregular  than  that  obtained  for  other  powders 
which  exhibited  little  stick-elip  action.  The  required  torque  appears  to 
level  off  rapidly,  but  more  torque  is  required  near  the  end  of  the  run  than 
was  found  with  the  other  powders  tested. 

Table  3.  3  gives  the  values  of  starting  and  maximxun  torque,  percent 
ejected,  and  average  bulk  density  for  each  test  run.  Table  3.  4  lists  the 
powders  in  their  relative  rank  according  to  starting  torque,  maximum 
torque,  average  bulk  density,  coefficient  of  friction,  and  percent  ejected 
from  the  feeder.  The  highest  value  for  each  parameter  has  been  given  the 
rank  of  "1”.  The  use  of  relative  rank  does  not  appear  to  yield  any  correla¬ 
tion  among  the  various  parameters.  When  data  on  the  shear  strength  of  all 
the  powders  are  available,  further  attempts  at  finding  a  correlation  will  be 
made. 
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Table  3.  4  Relative  Ranking  of  Powders  According  to  Screw  Feeder  Parameters 


Powder 


Ratio  Apparent  Coefficient  of 

Starting  Maximum  Maximum  Torque  Bulk  Friction  veran*  Percent 

Torque  Torque  Starting  Torque  Penalty 


Aluminum 


Ejected 


Saccharin 


I 

o 


Sm 


Cornstarch 


PVA  72-51 


1 

3 

6 


2 

5 

6 


1 

6 


2 

1 


Talc-18 


O 

O. 


General  conclueiona  baaed  on  tbeae  experiments  are:  I)  the  efficiency 
of  the  feeder  could  be  improved  by  reducing  the  clearance  between,  the 
acrew  and  the  feeder  wall.  Z)  the  particular  screw  feeder  used  in  this 
study  will  eject  powder  at  a  fairly  uniform  rate  per  revolution  only  for  the 
first  six  to  seven  revolutions;  however,  at  this  point  approximately  half  of 
the  amount  of  powder  placed  in  the  feeder  has  been  ejected. 
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4. 


EFFECT  OF  ELEVATED  AIRSTREAM  TEMPERATURES  ON  TH5B  VIA¬ 
BILITY  OF  DRY  AEROSOLS  OF  B.  GLOBIGU  AND  S.  MARCESCENS 

• 

g 

In  a  previous  report  the  equipment  and  methods  designed  for  use  in 

this  study  were  described.  Results  were  presented  showing  the  effect  of 

elevated  alrstream  temperatures  upon  S.  marcescens  aerosoliaed  from 
o 

liquid  suspensions. 

During  the  present  reporting  pejriod.  the  apparatus  and  techniques 
were  modified  to  render  the  data  more  reproducible  and  to  adapt  the  sys¬ 
tem  to  the  study  of  aerosols  produced  from  the  dry  powder.  The  viability 
of  dry  aerosols  of  B.  globigii  spores  and  S.  marcescens  was  studied  after 
exposing  them  to  a  series  of  temperatures  ranging  from  75*C  x  1.  12  sec  to 
130*C  X  1.68  sec. 

4. 1  Modifications  in  Equipment  and  Techniques 

a 

It  was  previously  reported  that  the  "Y"  tube  which  connected  the  car¬ 
boy  plenum  chamber  to  the  twin  91.  3  x  2.  S  cm  tubes  was  delivering  unequal 
quantities  of  aerosol  to  the  two  legs  of  the  system.  This  necessitated  the 
use  of  a  mathematical  correction  factor  when  calculating  percent  recovery. 
This  "Y"  tube  was  redesigned  and  installed  in  the  system.  A  series  of  22 
trials,  using  both  Bg  and  8m  aerosols,  determined  that  the  previous  dilfl-  ■ 
culty  was  overcome.  The  variation  between  the  two  legs  of  the  apparatus 
is  now  randomized  and  is  sufficiently  small  to  preclude  the  use  of  correc¬ 
tion  factors. 

Because  of  slight  differences  in  the  geometry  of  the  two  legs,  it  was 
theoretically  possible  to  confound  results  by  residiials  of  viable  spores  and 
cells  which  might  be  retained  in  non-random  quantities.  A  technique  was 
developed  whereby  the  apparatus  could  be  easily  disassembled  at  the  com¬ 
pletion  of  an  experiment,  washed,  chemically  disinfected,  dried,  and  re¬ 
assembled  in  a  short  period  of  time. 
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Whereas  dry  aerosols  of  ^  spores  could  be  generated  In  the  plenum 
chamber  by  prevloualy  described  techniques  to  yield  satisfactory  and 
reproducible  results,  some  difficulty  was  experienced  during  attempts  to 
aerosoliae  dry  powders  of  Sm  with  the  vaponephrln  nebuliaer.  It  was 
therefore  necessary  to  develop  a  new  method  which  would  produce  rsla- 
lively  stable  aerosols  of  dry  Sm  powder..  The  following  method  was  found 

to  be  satiafactory: 

A  10  mm  diameter  Dental  Dam  diaphragm  was  fitted  into  a  4-inch 
length  of  l/4.inch  O.  D.  copper  tubing.  Approximately  0.  30  gm  Sm  which 
had  been  stored  in  a  dry  box  for  14  hour,  was  loaded  into  the  pipe.  The 
open  end  of  the  pipe  was  fitted  tightly  onto  a  dry  nitrogen  pressure  tank, 
and  the  powder  was  exploded  into  the  carboy  under  74  psl  gauge  pressure. 

The  powder  was  not  allowed  to  settle  but  was  drawn  immediately  via  the 
"Y"  tube  into  the  twin  legs  of  the  apparatus,  and  sampling  was  continued 
lor  10  minutesin  All  Glass  Implngers.  The  procedures  of  diluting  and 
plating  were  performed  according  to  protocols  previously  described. 

4.  2  Reproducibility  of  Results 

The  data  reported  in  Table  4.  I  show  the  reproducibility  obtained  upon 
splitting  dry  aerosols  of  and  Sm  in  the  two  legs  of  the  elevated  air- 
etream  temperature  apparatus.  In  all  of  these  trials,  the  organisms  were 
aerosolized  into  the  carboy  plenum,  passed  through  the  twin  legs  of  the 
apparatus  and  sampled  in  liquid  implngers  by  methods  described  in  pre¬ 
vious  reports.  Since  these  trials  were  designed  to  measure  reproducibility, 
no  heat  was  applied  In  the  insulated  tube.  Each  replicate  represents  the 
average  results  of  six  plates. 
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Table  4.  1  Reproducibility  of  Flow-Splittiag  Device  in  Elevated  Airstream  Temperature  Apparatus 


I 

w 


c  >  ^  ^ 
»  S  ® 

•  ® 

5n  $  O. 

o  ®  ^ 

^  Q.  fl) 

cc-  w  Q  3 
c=  3' 
;=  O'  2.  ffi 

1*  o. 


m  . 


Date 

Culture 

Replicate 

Leg  B 

Replicate  Mean 

10/9/61 

Bg. 

1 

85  X  10^ 

72  X  10? 

78,  5  *  6.  5  X  10^ 

2 

63  X  IC^ 

68  X  10® 

65.  5  A  2.  5 

10/10/61 

1 

101  X  10^ 

100  X  10^ 

100.5  ±0.5 

2 

81  X  10^ 

80  X  10® 

80.  5  ±  0.  5 

lO/ll/bX 

1 

87  X  loj 

85  X  10? 

86.  0  ±  1.  0 

2 

98  X  10** 

83  X  10® 

90.  5  ±  7.5 

10/23/61 

1 

54  X  loj 

41  X  10? 

47.5  ±6.5 

2 

58  X  10** 

47  X  10® 

52.  5  ±  5.  5 

10/24/61 

1 

56  X  10^ 

51  X  10^^ 

53.5  ±2.5 

2 

87  X  lOT 

100  X  10? 

93.  5  ±  6.  5 

3 

86  X  10** 

113  X  10® 

99.  5  ±  13.5 

10/26/61 

1 

31  X  lol 

28  X  10? 

29.  5  ±  1.  5 

2 

30  X  10? 

20  X  10? 

25.  0  ±  5.  0 

3 

24  X  10** 

24  X  10® 

24.  0±  <1 

10/31/61 

M 

1 

65  X  lof 

82  X  10? 

73.5  ±8.5 

2 

69  X  10** 

88  X  10® 

78.  5  ±  9.  5 

11/2/61 

1 

50  X  loj 

36  X  10? 

43.  0  ±  7.0 

2 

53  X  10“ 

47  X  10? 

90.  0  ±  3.  0 

3 

70  X  10® 

52  X  10® 

61.0  ±9.0 

11/15/61 

Sm 

1 

125  X  10? 

148  X  10^ 

136.5  ±11.5 

2 

Ill  X  10® 

84  X  10^. 

97.  5  ±  13.5 

3 

125  X  10® 

124  X  10® 

124.  5  ±  0.  5 

All  Trials: 

69.  5  X  10^ 

71.  5  X  10^ 

70.  5  ±  l.Ox  10^ 

*  ..ml  ,*1*  ri  . 


4.  3  Viability  of  Dry  A<ro»ola  of  Bg  and  3m 

Initial  conditions  used  for  investigating  the  effect  of  temperature  and 
time  of  exposure  on  aerosols  of  dry  Bacillus  globigii  spores  were  125*C 
and  1.  68  seconds.  The  data  obtained  are  summarised  in  Table  4.  2  and  are 
plotted  in  Figure  4.  1.  The  data  indicate  that  these  conditions  have  no  mea¬ 
surable  Influence  on  the  viability  of  the  spores.  In  view  of  these  results, 
no  experiments  were  performed  at  lower  temperatures  or  shorter  exposure 
times. 

In  contrast,  there  was  a  pronounced  viability  loss  with  Serratia 

marcescehs  upon  heating  to  temperatures  between  76*C  and  I30*C  for 

periods  of  1,  12  to  1.  68  seconds.  These  data  are  summarized  in  Table  4.  3 

and  are  plotted  in  Figure  4.  1.  The  original  viability  of  the  powder  used  in 

the  aerosols  was  8.  0  x  10 ^^/gm.  These  results  confirm  the  conclusion 

which  was  reached  upon  the  basis  of  experiments  performed  with  aerosols 

of  8m  generated  from  liquid  suspension;  namely,  that  the  viability  of  3m  is 

substantially  reduced  upon  exposure  to  elevated  temperature  airstreams 

a 

for  very  short  periods  of  time. 

These  experiments  with  Bg  and  Sm  clearly  illustrate  that  the  potential 
effect  of  hot  gases  from  jet  engine  exhausts  on  the  viability  of  BW  aerosols 
will  depend  largely  on  the  sensitivity  of  the  particular  organism  being  dis¬ 
seminated.  Future  experiments  will  investigate  the  effect  of  shorter  ex¬ 
posure  times  on  viability  loss  in  dry  Sm  aerosols,  and  the  effect  of  higlier 

temperature  on  ^aerosols.  Temperatures  somewhat  higher  than  125*C 

o 

are  of  interest  in  certain  cases.  A  recent  analysis  of  jet  plume  mixing 
concluded  that  for  the  case  of  a  small  drone,  where  the  disseminator 
mounting  station  is  approximately  three  feet  from  the  center  line  of  the 
engine,  the  aerosol  entering  the  plume  would  be  exposed  to  temperatures 
up  to  420”F  (Z16*C)  under  certain  assumed  conditions  of  operation. 
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TablB  4.  2  Viability  of  Dry  Aaroaola  of  Ba  at  125*C  for  1.  68  Secoada 

(^from  Lot  No.  X-12  Aaroioliaed  with  DaVilblaa  Qenerator) 

Replicata _ Heated _ Control _ Average,  %  Recovery 


1 

2 

3 

4 


29  X  10? 

15  X  10®  . 
12.5  X  10* 
13  X  10® 


22.5  X 

11  X  10 
21  X  10. 

13  X  10® 


102% 


Table  4.  3  Viability  of  Dry  Aaroaola  of  Sm  at  Varloua  Expoaurea 
(Sm  from  Pool  #7  AeroaollaeSTBy  Bxploaion) 


Temperature  Time _ Heated _ Control  Average  %  Recovery 


75*C 

1.12  aec 

161  X 

loj 

230  X 

o  o 

71.0% 

86  X 

10? 

119  X 

130x 

10® 

182  X 

10“ 

1. 68  aec 

37  X 

79  X 

55.  0% 

39x 

63  X 

lol 

10® 

51.  5  X 

10® 

91  X 

a 

100*C 

1.12  aec 

77  X 

177  X 

106 

48.  3% 

68  X 

113  X 

94  X 

10® 

202  X 

10® 

1. 68  aec 

76  X 

181  X 

10^ 

44.  0% 

54  X 

127  X 

1°6 

61  X 

10® 

127  X 

10® 

125*C 

1.12  aec 

55x 

175  X 

O  O 

80  X 

1^6 

261  X 

34.  0% 

117  X 

10® 

302  X 

10“ 

130*C 

1. 68  aec 

8x 

1°6 

175  X 

1°6 

1°6 

3.  9% 

4.  5x 

106 

141. 5x 

Sx 

10® 

149  X 

10® 
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4.4  Effect  of  Compaction  on  tha  Viability  of  5.  marc*>c«RS 


A  previous  report described  the  equipxneat  end  techniques  used  to 
measure  the  effect  of  compaction  on  the  viability  of  dry  Sm  powders. 
EsseiUially  the  method  involved  determination  of  viable  count  of  ^  pellets 
(density:  0. 4S  gm  to  0.  77  gm)  which  had  been  prepared  under  different 
compaction  pressures  and  comparison  of  viable  count  of  the  uncompressed 
powder  from  which  the  pellets  had  been  manufactured.  The  results  of  some 
of  these  trials  are  summarised  in  Table  4.  4.  The  results  suggest  that 
there  might  be  a  slight  effect  of  compaction  on  apparent  viability  since  the 
highest  pressures  studied  yielded  the  lowest  recoveries.  However,  it  is 
possible  that  the  compression  process  introduces  artifacts  in  a  viability 
study.  On  the  one  hand,  compaction  pressures  generate  shearing  forces 
which  can  deagglomerate  clumps  and  perhaps  even  fracture  individual 
particlee  yielding  higher  apparent  recoveries  from  the  compreeeed  sample. 
On  the  other  hand,  a  pellet  produced  by  compaction  is  exceptionally  diffi* 
cult  to  disperse  by  mechanical  shaking  in  a  diluent,  and  would  yield 
apparently  lower  recoverief  from  the  eompreseed  sample  unlees  disper> 
sion  Is  complete.  Superimposed  on  these  phenomena,  ie  the  poesibility 
that  compression  might  alter  the  true  viability  of  the  coll. 

In  order  to  overcome  some  of  the  confounding  variables,  and  to  study 
the  effect  of  compression  on  true  viability,  several  different  experiments 
were  performed  with  the  30-pound  compression  weight.  In  one  set  of 
experiments,  the  compacted  pellets  were  disintegrated  by  mechanical 
shaking,  resulting  in  apparent  recoveries  of  69.  5  to  72,  5  percent.  In  the 
second  set  of  experiments,  both  the  control  powder  and  compacted  pellet 
were  disintegrated  Into  the  diluting  solution  by  mssns  of  a  tissue  hotno- 
genger.  These  results  showed  that  tha  viability  of  the  compacted  samples 
ranged  from  86  to  96  percent  of  the  original  powder.  On  the  basis  of  the 
latter  results,  it  would  be  concluded  that  compaction  is  not  deleterious  to 
viability. 
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Obvloualy,  further  work  remain*  to  be  done  on  developing  technically 
preciae  method*  of  diatinguiahing  between  loaa  of  true  viabiUty  and  appar- 
ent  change  in  count  due  to  mechanical  artifact*.  Once  thl*  la  accom¬ 
plished,  the  effect  of  rate  of  compreeaion  on  viability  will  be  inveetigated. 


Table  4.  4  Effect  of  Compreeaion  on  Viability  of  Sm  Powder 
(3m  from  Pool  #7) 


Compression 

Weight 

Density  of 
Pellet 

Viable  Count 
(Control) 

Percent 

Viability 

*500  gm 

0.  5037 

0. 5225 

0.SS68 

0. 5411 

0. 5445 

• 

78.5  X  10^/gm 

70.  0  X  10^/gm 

82.  0% 
76.5% 
77.0% 
86.0% 
76.0% 

*1500  gm 

0.5318 

0. 5947 

0.5755 

65.  0  X  lO^/gm 

96.0% 
90.  0% 
86.  0% 

*13.  62  Y.  10^  gm 

0.7414 

0. 7516 

0.  7982 

0. 7585 

73  X  lO^/gm 

66  X  10^/ gm 

72.  5% 
69.  5% 
71.5% 
69.  5% 

♦*13.62x10^  gm 

0.  772 

0.762 

0.  692 

67  X  lO^/gm 

96% 

93% 

86% 

*  Pellet  and  control  disintegrated  into  diluent  by  mechanical  shaking. 
** Pellet  and  control  disintegrated  into  diluent  with  tissue  homogenger. 
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5.  DISSEMINATION  AND  DEAGGLOMERATION  STUDIES 


5.  I  Introduction 

Studios  were  continued  during  this  reporting  period  to  determine  the 
description  of  the  wind  tunnel  aerosol,  generated  by  a  new,  combined 
mechanical -pneumatic  disseminator  which  was  built  to  simulate  a  deeigpi 
concept  being  considered  for  the  prototype  disseminator. 

Both  compacted  and  uncompacted  Sm  were  tested  in  the  disseminator 
at  bulk  densities  ranging  from  0.  33  to  0.  65  gm/cc.  The  Sm  moisture  con¬ 
tent  was  maintained  at  approximately  1.7  percent  by  storing  and  working 
With  the  material  in  a  dry  box  prior  to  the  test  runs. 

Analysis  of  the  aerosol  was  made  by  two  methods.  First,  fine 
agglomerates  were  studied  by  sampling  them  on  Millipore  filters  with  a 
secondary  sampling  system  which  collected  one  percent  of  the  material 
drawn  into  the  high  velocity  sampling  probe.  In  microscopic  analysis  of 
the  collected  material,  the  amount  of  agglomerates  in  the  1  to  5  microns, 

5  to  20  microns,  and  greater  than  20  microns  ranges  were  counted.  The 
majority  of  agglomerates  in  this  category  consisted  of  doublets  and  triplets. 
To  further  determine  the  reduction  in  deagglomeration  efficiency,  the 
results  were  analyzed  on  the  basis  of  the  mass  of  effective  1  to  S-mlcron 
particles  which  are  combined  to  form  agglomerates  greater  than  5  microns. 
In  this  work  the  agglomerates  greater  than  5  microns  were  studied  in  detail 
as  to  their  composition  and  size. 

While  running  tests  with  the  filter  system,  it  was  observed  that  there 
was  present  in  the  aerosol  a  relatively  small  number  of  larger  agglomer¬ 
ates  up  to  about  500  microns  In  size.  However,  due  to  their  low  concen¬ 
tration  it  was  not  feasible  to  study  them  with  the  filter  sampling  technique, 
where  only  a  small  percentage  of  the  aerosol  is  collected.  Therefore,  an 
impactor  system  was  designed  and  fabricated  which  collected  essentially 
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all  oi  the  agglomerates  greater  thaa  20  microns  in  the  tunnel.  The  analysis 
consisted  of  mass  measurements,  microscopic  observations,  and  Whitby 
centrifuge  analysis. 

Two  runs  were  made  with  the  pneumatic  system  where  high  speed 
motion  pictures  were  taken  to  enhance  an  understanding  of  the  aerosol 
aerodynamic  breakup  process. 

5.  2  Pneumatic  Disseminator 

All  the  wind  tunnel  tests  and  studies  during  this  reporting  period  were 
conducted  with  a  mechanical -pneumatic  disseminator  which  simulates  the 
injection  region  of  a  particular  prototype  design,  discussed  in  Section  6, 

The  system,  shown  in  Figure  5. 1,  uses  the  same  piston>type  disseminator 
that  has  been  employed  In  all  previous  tests.  However,  in  this  case  Sm  is 
injected  into  a  small  chamber  which  is  maintained  at  an  air  pressure  of 
5  pslg.  The  air  then  is  utilized  to  transport  the  material  into  the  wind 
tunnel  airstream. 

In  operating  this  type  of  system  it  is  desirable  from  the  standpoint  of 
air  or  gas  consumption  to  maintain  a  highly  concentrated  bed  of  powder 
above  the  discharged  orifice.  Itj  this  manner  the  air  flow  rate  is  minimized 
at  the  orifice.  Thus,  there  is  no  intention  of  aerosolizing  the  material  be¬ 
fore  it  reaches  the  wind  tunnel  -  breakup  should  occur  in  the  tunnel  under 
aerodynamic  forces  of  the  airstream. 

It  is  apparent  that  in  the  case  of  compacted  materials  there  is  some 
breakup  in  the  air  chamber  due  to  mechanical  forces  present  when  part  of 
the  material  is  impacted  on  the  chamber  wall.  These  forces  do  not  com¬ 
pletely  break  down  the  slugs  into  basic  particles.  We  believe  that  the 
physical  condition  of  the  material  Is  similar  to  that  which  will  be  produced 
in  the  actual  prototype  due  to  mechanical  forces  associated  with  the  shear¬ 
ing  process  and  mechanical  mixing. 
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Ab  a  reBult  of  earlier  t..tB  of  thii  injection  technique,  it  wae  found 
that  to  obtain  an  instantaneoue  bed  in  the  air  chamber,  it  wai  neceeeary  to 
inject  the  material  Juat  upatream  of  the  orifice.  Thue,  the  orifice  waB 
made  longer  than  anticipated  in  a  prototype. 

For  wind  tunnel  operation  the  air  prosBuro  ie  regulated  to  5  pelg  be¬ 
fore  the  run;  i.  e. .  air  flowa  through  the  chamber  before  Sm  ia  introduced 
mto  it.  Since  this  ia  aomewhat  different  from  the  caae  of  contlnuoua 
operation  in  the  prototype,  it  wae  deeirable  to  look  cloaely  at  the  flow  of 
material  ae  it  entera  the  wind  tunnel.  Thua.  high  apeed  photography  wae 
employed  again  uaing  the  aame  technique  and  equipment  ae  waa  previoualy 

uaed.  * 

The  plcturca  show  that  there  la  a  short  period  of  high  powder  flow  rate 
which  begins  soon  after  the  mecha«ical  injector  aUrta  filling  the  air  cham¬ 
ber.  However,  aa  the  chamber  empties,  aome  material  aticka  to  the  walla 
and  breaks  off  in  chunks  causing  very  short  bursts  of  high  aerosol  concen- 
tratlon  and  a  gradual  trailing  off  of  the  process  in  the  form  of  a  light  aero- 

sol  cloud. 

It  appears  very  Ukely  that  during  0.  01  seconds  of  the  runs  a  fairly 
dense  bed  exists  in  the  air  chamber.  Injection  velocities  taken  from  the 
pictures  indicate  that  the  average  flow  rate  is  about  2.  0  pounds  per  minute 

during  this  period. 

Other  interesting  factors  are  also  brought  out  by  the  pictures.  For 
example,  even  though  the  Injection  velocity  is  from  two  to  four  times  that 
of  tha  previous  studies,  the  bulk  of  material  does  not  penetrate  any  further 
into  the  wind  tunnel.  The  reason  is  that  the  material  is  dispersed  quicker 
and  accelerated  faster  down  the  wind  tunnel. 

One  difference  exists  as  a  result  of  increased  injection  velocity.  The 
larger  agglomerates,  approximately  300  microns  in  si»s.  are  separated 
from  the  dense  cloud  of  dispersed  Sm  due  to  their  high  inertia.  Some  of 
these  can  be  seen  to  penetrate  into  the  alrstream  without  undergoing 
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produced  by  the  lojection  jet. 


DECLASSIFIED  IN  RJU. 

Authority:  EO  13526 

Chief,  Records  &  Declass  Div,  WHS 

JUL  19  20B 


5-5 


5.  3  Sm  Dlaaeminatlon  -  Small  Scale  Agglonoerata  3tu^ 


In  sampling  the  vrtnd  tunnel  aeroeol  it  haa  been  found  that  agglomerates 
ranging  from  I  to  500  microns  are  present  In  decreasing  numbers  with 
increasing  si*e.  The  small  scale  agglomerates  in  the  1  to  20-mlcron 
range  can  best  be  analysed  by  using  filtration  and  microscopic  methods, 
while  those  larger  than  this  are  in  such  low  concentration  that  it  is  not 
practical  to  analyse  them  In  this  way.  Thus,  an  Impaction  technique  dis¬ 
cussed  in  the  following  secUon  was  employed  for  agglomerates  greater  than 
29  microns. 

A  secondary  filter  sampling  system  was  constructed  for  the  work  on 
small  agglomerates  to  enable  us  to  disseminate  approjclmately  1  cc  of  Sm 
into  the  tunnel  and  yot  reduce  the  particle  concentration  on  the  filters  to  a 
low  enough  value  that  microscopic  methods  could  be  used.  Figure  5.  2 
■hows  the  new  filtering  arrangement.  The  secondary  system  samples  from 
the  large  section  of  the  high  velocity  sampling  probe  where  the  velocity  is 
on  the  order  of  lO  feet  per  second.  A  Standard  47  millimeter  membrane 
filter  holder  is  employed  with  Type  AAMillipore  filters  which  have  a  pore 
size  of  0.  8  micron.  Thus,  the  secondary  filter  collects  about  one  percent 
of  the  aerosol  which  enters  the  high  velocity  sampling  probe. 

The  unit  was  tested  for  its  Isokinetic  characteristics  by  comparing  on 

a  number  basis  ths  particle  size  distribution  of  the  collected  sample  with 

12 

the  controlled  distribution  as  shown  in  the  previous  report  .  The  agree¬ 
ment  between  these  cases  was  very  good,  indicating  satisfactory  operation 
of  the  new  system. 

All  tests  conducted  In  this  part  of  the  study  were  carried  out  at  wind 
tunnel  Mach  number  0.  5.  The  high  velocity  sampling  probe  was  located  at 
the  point  of  high  aerosol  concentration,  namely  0.  53  centimeters  from  the 
top  wall.  The  major  parameter  Investigated  was  Sm  bulk  density,  which 
varied  from  0,  33  to  0.  65  gm/cc.  The  material  had  a  moisture  content  of 
about  1.  7  percent. 
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In  analyzing  the  filters  a  light  microscope  was  used  at  X600  for  suffi¬ 
cient  resolution  to  count  particles  down  to  about  0.  7  micron.  The  first 
step  was  to  count  a  combined  total  of  at  least  1000  basic  particles  and 
agglomerates  for  each  teat.  The  latter  were  classified  into  three  size 
ranges:  1  to  5  microns,  5  to  20  microns,  and  greater  than  20 microns.  This 
breakdown  was  made  because  those  In  the  1  to  5-mlcron  range  do  not  re¬ 
duce  the  effectiveness  of  the  aerosol  as  do  all  the  others. 

Microscopic  observations  of  a  large  number  of  particles  and 
agglomerates  on  the  filters  Indicate  that  these  small-scale  agglomerates 
were  primarily  composed  of  doublets  and  triplsts.  In  the  analysisi  all 
particles  that  appeared  to  have  any  contact  whatsoever  were  considered  as 
agglomerates.  If  is  obvious  that  some  of  these  are  formed  as  a  result  of 
filtration,  one  particle  falling  upon  the  other,  The  number  of  doublets 
formed  due  to  this  probability  is  now  being  considered;  however,  in  this 
dilcussion  we  will  omit  this  factor  and  discuss  only  the  upper  limiting  con¬ 
dition. 

A  photomicrograph  of  a  typical  field  on  the  filter  is  shown  in  Figure 
5,  3.  Note  that  to  a  very  large  extent  the  material  appears  as  basic  parti¬ 
cles  "  doublets  and  triplets  are  quite  rare. 

Results  of  seven  tests  are  shown  in  Table  3.  1  where  the  number  of 
agglomerates  in  the  three  else  ranges  are  compared  with  the  total  concen¬ 
tration  of  particulate  material  on  the  filters.  It  can  be  seen  that  the  largest 
percentage  of  small  -scale  agglomerates  is  in  the  1  to  5-mlcron  size  range. 
Above  20  microns  there  were  no  agglomerates  observed  In  any  run  when 
1000  particles  or  more  were  counted.  Figure  5.  4  shows  the  data  plotted 
over  the  Sm  bulk  density  range  0.  33  to  0.  66  gm/cc. 

Important  conclusions  of  this  work  are  that  the  amount  of  agglomeratss 
present  in  the  aerosol  increases  only  a  small  amount  with  bulk  density. 
Also,  the  number  of  agglomerates  in  the  S  to  20-mlcron  rangs  are  rela¬ 
tively  small  on  the  number  basis. 
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Figure  5. 
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»  0.33  {X-300) 


3  Photomicrograph  of  Filter  Samples  of  Sm  Aerosol 
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W,  R  1  qr«»n.Scale  Aaalotnetatioa  o£  3m  Simulant  DiMaminated 
Table  5. 1  NumbS?  0.  5  Alratream  with  Pneumatic  Syetem 


0.  33  gm/cc 

0.51  gm/cc 
0,  59  gm/cc 
0.  59  gm/cc 
0.  65  gm/cc 
0.  66  gm/cc 


Filter 
Particle 
Concentration 
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49.  5  X 
'-«i  4  » 

37.  3  X 

46.  2  X  10’ 
31.  1  X  10’ 

36.  5  X 
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Percent  of  Particulate  Material 
ae  Agglomerates 
1  to  SiL  5  to  20A 


36. 5  X  10 


5.  0 

6.  0 
a.  a 
7.  0 

8.4 

9.4 
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1.  0 

1.  e 
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Negligible 
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TO  dotermln.  th.  .((.««  <hat  .maU-.cal.  .,glom.«tlon  ha.  on  th. 
.Hoonvoo...  of  .0.  di...n..oa..a  .h.  aoalyoi.  »««  ».  O'*"" 
oaoia.  Thoroforo.  w.  hav.  n,ad.  calcalation.  on  th.  «o~n.  1.  ^ 

S  to  ZO-niicron  ag>lom.rate»  which  conaiita  of  Indlvidna  par  c  . 
to  5.«...ron  tan,..  To  carry  oo.  th...  c.lc-U«lon.  It  “ 

d.t.rmln.  th.  characfriatlc.  of  laa..* 

th.m  w.r.  ob..r,.d  in  d.ttll  «.d  th.  individoal  particl..  contaln.d  th.r.ln 
T,7.  .l..d.  Tahl,  5.  J  provid..  a  datcrlptlon  of  th.  .„lon..r.t..  with  a 
tabulation  of  th.  haalc  particl..  In  Ui.  1  to  S-mlcron  ala.  rang.. 

1.  g.n..al.  haalc  3m  particl . known  to  h...  a  o'*'*'**  ""O*^ 

Howavar,  In  th.  1  to  S-mlcron  ala.  rang,  thay  can  h.  a.m.m.d  to  approach 
a  spherical  shape  for  these  calculations. 

Th.  maa.  of  ma.arUl  1.  1  •»  S-micron  rang,  in  th.  original  amnpl. 
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are  greeter  than  5  microns. 
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Table  5.  2  Description  of  Agglomerates  In  the  5  to  20 -Micron  Range 


Number  of  Total 

Particles  in  Number  of 

Agglomerates  Agglomerates 


Number  of  1  to  5 -Micron  Particles 
Comprising  Agglomerates 
1  to  2/s  2to3>  fto^  4  to  5/fc 


2 

3 

4 

5 

6 

a 


72 

16 

8 

2 

1 

_ 

100 


1 

2 

4 

1 

1 

_1^ 

10 


3 

4 
3 
1 
1 

_2 

14 


13 

5 

2 

1 

_2 

23 


26 

7 

5 

2 

2 

_1_ 

43 


To  determine  the  loss  of  effectiveness  of  the  dissemination  process, 
let  us  use  as  an  example  the  data  at  bulk  density  0.  6  shown  in  Figure  5.  4. 
For  each  group  of  100  particles  present  In  the  aerosol  (basic  and  agglom¬ 
erated)  there  are  79  basic  and  agglomerated  particles  in  the  1  to  5 -micron 
range  and<2.  2  agglomerates  In  the  3  to  20»mlcron  range. 

Based  on  data  in  Table  5.  2  the  mass  of  useful  material  in  an  average  5 
to  20-niicron  agglomerate  is  37.4  x  10”^^  gm.  The  79  particles  in  the 
lower  range  have  a  total  mass  of  853  x  10  gm.  Thus,  the  loss  in  effec¬ 
tiveness  of  1  to  5 -micron  material  in  the  dissemination  process  due  to 
small-scale  agglomeration  in  this  case  is; 

_ ineffective  mass  , 

effective  mass  +  ineffective  mass 

_ 2.  2  X  37.4  X  10'^^ -  ^  9.8^ 

853  X  10*^^  +  2.  2  X  37.4  X  lO" 
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Figure  5.  6  give*  the  result,  of  these  calculations  over  the  bulk  density 
range  0.  33  to  0.  66  gm/cc.  It  should  be  remembered  that  these  figures 
represent  the  upper  limit,  on  a  loss  of  effectiveness.  The  factor  of  doublet 
formation  due  to  filtration  tends  to  make  this  value  greater  than  In  the 


afftual  aerusbl. 


5.4  Sm  Dissemination  -  Large  Scale  Agglomerate  Stu^ 

li  was  stated  earlier  that  a  relatively  smaU  number  of  large  agglom¬ 
erates  on  the  order  of  100  to  500  microns  were  found  In  the  study  discussed 
in  Section  5.  1.  Due  to  their  small  number,  however,  they  could  not  be 
studied  from  the  statistical  standpoint.  Consequently,  an  impactor  was 
designed  which  could  sample  the  full  discharge  of  the  tunnel  and  collect 
sufficient  material  for  analysis.  Based  on  the  Impaction  efficiency  data  of 
it  was  found  that  by  mounting  the  impactor  a  short  distance  down- 
stream  of  the  tunnel  exit  a  50  percent  cutoff  could  be  obtained  at  about  the 
6-niicron  else.  Thie  holde  true  for  the  wind  tunnel  Mach  number  condition 
0. 5.  Thus,  the  collection  efficiency  for  all  agglomerates  above  20  microns 

would  bo  n€4r  100  percent* 

The  analysis  technique  employed  was  to  weigh  the  materiabon  the 
impactor  plate  and  determine  the  amount  sampled  which  consisted  of  large- 
scale  agglomerates.  This  quantity  was  then  compared  with  the  amount 
disseminated  to  obtain  the  percentage  of  the  aerosol  which  is  composed  of 
these  agglomerates. 

The  impactor  is  shown  in  Figure  5.  7.  The  face  of  the  unit  conelets  of 
two  microscopic  elides  mounted  end  to  end  in  the  vertical  plane.  Surround¬ 
ing  theee  is  an  aluminum  plate  with  an  outside  dimension  of  seven  inches  by 
seven  inches.  The  combined  collector  plate  can  be  weighed  in  an  analytical 
balance  for  line  accuracy.  The  glaes  slides  make  possible  mlcroecopic 
analysis  of  a  representative  portion  of  the  collected  material. 
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The  general  collectloa  pattern  on  the  platee  revealed  that  the  large 
agglomerates  were  mainly  concentrated  in  the  bottom  haU  of  the  tunnel 
while  the  larger  basic  particles  were  found  in  high  concentration  on  the  top 
half  of  the  tunnel.  As  an  example.  Figure  5.  3  shows  photomicrographs  of 
the  top  and  bottom  sections  on  the  impactor.  Note  the  large  120-mieroa 
agglomerate  -  many  of  its  individual  particles  can  be  observed. 

The  amount  of  material  greater  than  20  microns  was  estimated  by 
using  the  Whitby  centrifuge.  Other  methods  such  as  counting  and  calculat¬ 
ing  were  found  less  accurate.  A  method  of  weighing  the  slides  separately 
and  then  estimating  the  relative  mass  in  the  large  agglomerates  agreed 
quite  well  with  the  reeulte.  It  ia  believed  that  these  large  agglomerates 
are  quite  strong  in  most  cases  since  they  withstand  the  dissemination  pro¬ 
cess  without  breaking  up.  Since  the  amount  of  mass  in  agglomerates  must 
be  small,  it  appears  that  any  breakup  in  the  centrifuge  has  a  minor  effect 
on  the  over -all  results. 

Figure  5.  9  shows  both  the  percentage  of  diesdminated  material  col¬ 
lected  and  the  percenta'ge  of  the  original  material  which  is  in  the  greater 
than  20 -micron  range.  The  presence  of  agglomerates  is  essentially  in¬ 
dependent  of  the  bulk  density.  They  repreeent  about  2  percent  of  the  total 
mass  disseminated  in  all  cases  which  ia  considered  to  be  quite  email. 

The  deagglomeration  studies  during  this  period  have  shown  that  com¬ 
pacted  Sm  with  bulk  densities  as  high  as  0,  65  gm/cc  can  be  disseminated 
with  the  mechanical -pneumatic  system  almost  as  effectively  as  the  uncom- 
pscted  material.  The  results  indicate  that  the  maximum  loss  in  effective¬ 
ness  of  the  disaeminator  due  to  agglomeration  of  particles  in  the  1  to  S- 
micron  range  is  about  12  percent  by  mass.  It  is  anticipated  that  this  figure 
will  be  reduced  by  future  considerations  as  to  the  origin  of  the  doublet  and 
triplet  agglomerates  observed  on  the  filter  samples.  Since  this  work  has 
only  been  conducted  at  tunnel  Mach  number  0.  5  a  portion  of  it  will  be 
reproduced  at  Mach  number  0.  8  in  the  next  reporting  period. 
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Top  Slide  (X-300) 


Bottom  Slide  (X-300) 


Figure  5,  8  Pliotomicrographs  of  Impactor' Sample  (Sm) 
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6.  EXPERIMENT  All  DRY-AGENT  DISSEMINATOR 


A  de«igo  concept  for  a  dry-efent  di..omlB*tor  wai  preeented  In  the 
fifth  quarterly  progrece  report^^.  A  program  hae  been  Initiate^  In  which  a 
full  elie  dleaemlnator  baaed  on  thla  concept  la  to  be  teated  In  the  laboratory 
to  demonatrate  the  feaalblllty  of  such  a  dlaaerolnator  and  to  obtain  necea- 
aaty  engineering  dealgo  data.  An  experlmenUl  diaaemlnator  and  aoiiie  of 
the  aaaoclated  equipment  required  for  the  teat  program  were  designed  and 
fabricated.  The  experimental  unit  and  aome  of  the  teat  plana  are  dlacuaaed 
In  the  following  programs. 

6. 1  Description  of  Experimental  Dry-Agent  Diaaemlnator 

The  experlmenUl  dry -agent  disseminator  for  laboratory  studies  is 
shown  In  Figure  6.  1.  Thla  unit  Incorporatea  the  principal  features  of  the 
airborne  unit  deacribed  In  Reference  14,  except  that  no  attempt  was  made 
to  use  lightweight  structural  components  in  this  first  unit. 

Dry -agent  simulant  material  is  to  be  compacted  in  the  cylinders  on 
both  sides  of  the  center  section.  The  materials  will  be  forced  into  the 
center  section  by  pistons  mounted  at  the  ends  of  the  unit.  The  pistons  are 
moved  toward  the  center  by  long  screws,  one  left-handed  and  one  right- 
handed,  driven  from  one  end  of  the  disseminator.  The  screws  are  con¬ 
nected  at  the  center  through  the  hub  of  the  disaggregator  which  rotates  with 
the  screws.  As  the  disaggregator  rotates  It  shaves  off  powder  which  faUs 
into  the  center  section  where  it  mixes  with  gas  and  flows  through  the  dis¬ 
charge  orifice  in  the  bottom  of  the  center  section. 

The  dlmenslone  selected  for  the  experimental  unit  are  not  necessarily 
those  which  will  be  used  in  the  airborne  developmenUl  model,  but  the 
length  and  diameter  of  the  cyUnder  are  large  enough  so  that  the  experi¬ 
mental  unit  is  actually  a  full-scale  model.  Some  of  the  more  important 
geometric  data  are  presented  as  follows; 
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Figure  6.  \  Experimental  Dry-Agent  DiseemmatO'  r  i-aboratory  Design  Studies 


Inside  diameter . 

Inside  length  overall  . . . “/  Inches 

Disaggregator  length . . . v* 

Maximum  length  of  each  powder  slug . 54  Inches 

Maximum  L/D  ratio  of  powder  slug  . 3 

Maximum  volume  of  powder  . . ‘  I  ‘  ‘  “ 

Maximum  weight  of  powder  {/^»  0.  5  gm/ cc)  .  .  .  512  lbs 

Lead  of  piston  drive  screws  . 0*  2  inches/rev 

Powder  feed  rate . .  . . ®59  cu  ft/ rev 

Drive  speed  range . .  •  8.  75  to  26  rp™ 

Powder  feed  rate  range  . . . 0.  515  to  1.  53  cfm 


The  cylinder  is  made  in  five  sections.  Four  of  the  sections  are  27.75 
inches  long  and  the  center  section  is  only  six  inches  long.  Thus,  when 
assembled,  the  cylinder  is  117  Inches  long.  The  disaggregator  occupies 
the  six-inch  center  section.  The  hub  on  each  piston  is  1.  5  inches  long 
leaving  a  maximum  length  of  54  inches  on  each  end  for  the  powder.  Bear¬ 
ings  and  seals  for  the  drive  ecrewe  are  mounted  on  the  end  plates  of  the 
cylinder.  On  one  end  plate  the  driving  end  of  the  screw  protrudes  through 
the  cover  of  the  bearing  housing  (see  Figure  6.  2).  The  overall  exterior 


length  of  the  unit  is  128  inches. 


The  disaggregator  as  shown  in  Figure  6.  3  has  been  removed  from  the 
center  section.  The  assembled  position  Is  shown  in  Figure  6.  4.  The  dis¬ 
aggregator  consists  of  two  0.25-inch  thick  circular  plates  mounted  on  a  hub 
with  internal  threads  which  engage  with  mating  threads  on  the  drive  screws.- 
Flat  pins  are  used  to  key  the  hub  to  the  drive  icrews.  Each  plate  has  eight 
rectangular  openings  with  a  cutter  positioned  in  each  opening.  As  the  plates 
rotate,  the  cuttere  shave  off  powder  which  falls  through  the  openings  into 
the  space  between  the  platee.  Baffles  are  mounted  between  the  plates  to 
stir  the  powder  as  it  is  mixed  with  gas.  Wire  scrapers  attached  to  the 
platee  are  used  to  prevent  powder  from  plugging  the  orifice  or  clinging  to 
the  cylinder  wall. 


Each  piston  is  a  0,  625-inch  thick  flat  plate  secured  to  a  hub.  Figure 
6.  5  shows  a  piston  and  drive  screw  In  a  cylinder  (pulled  out  of  normal 
position  for  photographic  purposes).  A  notch  in  the  edge  of  the  piston 
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Figure  6.  3  Disaggregator  Removed  i;  m  Center  Section 
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engages  with  a  guide  running  the  length  o£  the  cyUnder.  This  guide  together 
■mth  the  frictional  force  of  the  piston  against  the  powder  prevents  the  piston 
from  rotating  with  the  screw. 

Bach  drive  screw  is  an  Acme  screw  1.  375  Inches  in  diameter  with  five 

threads  per  inch.  A  right-hand  thread  is  used  on  the  screw  in  the  drive 

end  of  the  cylinder  and  a  left-hand  thread  on  the  other  screw. 

Figure  6.  3  shows  the  removable  plate  for  gaining  access  to  the  canter 
section.  The  fittings  for  the  gas  supply  and  for  pressure  measurement  are 
also  evident  In  the  photograph.  (Pressure  tap  Is  partially  obscured  by 
liandle  or  left  cover  latch. ) 

Fittings  are  also  mounted  In  the  end  plates  so  that  the  spaces  behind 
the  pistons  can  be  supplied  with  gas  to  balance  the  pressure  of  the  gas  in 
the  center  section  where  the  powder  is  being  flttldlsed. 

The  discharge  orifice  ts  mounted  in  an  adapter  shown  in  Figure  6. 6 
which  screws  into  the  bottom  of  the  center  section.  The  orifice  plate  is 
removable  so  that  different  orifice  openings  can  be  tried.  Initially,  orifice 
diameters  of  3/8,  1/2  and  3/4  Inches  will  be  available  for  test. 

e 

6,2  Test  Stand  and  Auxiliary  Equipment 

The  drive  for  the  unit  consists  of  a  60;  I  gear  reductor  driven  by  a 
1.  5  hp,  1750  rpm  motor  through  a  bolt  and  s  variable  pitch  pulley.  The 
pulley  provides  a  speed  range  of  three  so  that  the  total  reduction  from 
motor  to  reductor  shaft  can  be  varied  from  approximately  60:1  to  approxi- 
mately  180;  1  giving  a  theoretical  reductor  output  speed  range  of  9-7  to 
29.  2  rpm.  The  output  of  the  reductor  is  connected  to  the  drive  screw  of 
the  disseminator  by  means  of  a  universal  joint. 

The  test  stand  is  designed  to  hold  the  fluldlaer  sufficiently  high  off  the 
floor  to  permit  collecting  and  weighing  the  powder  being  discharged.  The 
powder  will  be  collected  in  a  large  drum  resting  on  a  platform  scale  posi¬ 
tioned  below  the  disseminator. 

DECLASSIFIED  IN  PULL 

Authority:  EO  13526 

Chief,  Records  &  Declass  Div,  WHS 

6-3  |)UL  19  200 


DECLASSIFIED  IN  FULL 

Authority:  E0 13526 

Chief,  Records  &  Declass  DIv,  WHS 

iJUL  1  9  2013 


* 

Provlaiom  are  being  made  for  supplying  gns  from  either  of  two 
aoutces.  For  the  initial  trials  air  from  the  plant  compressed  air  system 
will  be  used.  For  tests  where  humidity  is  to  be  controlled  and  where  other 
design  conditions  are  to  be  simulated  more  closely,  compressed  nitrogen 
will  be  supplied  from  gas  cylinders.  Supply  pressures  wiU  be  reduced  to 
appropriate  values  somewhere  in  the  vicinity  of  5  psig.  Gas  flow  will  bs 
measured  with  a  flow  meter  giving  flow  rate  information. 

A  simple  loading  stand  was  designed  for  manually  loading  and  compact¬ 
ing  powder  into  the  cylinder.  The  cylinder  will  be  loaded  one -half  at  a 
time  by  placing  the  cylinder  half-section  on  end  in  the  loading  stand.  A 
predelBimined  amount  of  powder  will  be  placed  In  the  cylinder  and  com¬ 
pacted  with  a  specia!'.  ram  and  lever  arrangement.  The  amount  of  powder 
used  per  charge  will  occupy  only  a  few  inches  in  the  cylinder  so  that  it  will 
he  necessary  to  repeat  the  proceee  eeveral  times  before  the  half-section  is 
filled.  This  is  the  procedure  which  has  been  used  to  obtain  uniform  density 
in  the  compacted  powder  when  small  cylinders  are  uiied. 

6.  3  Teat  Plans 

It  IS  planned  that  the  first  tests  conducted  with  the  experimental  dle- 
seminatoT  will  be  run  with  Ulc  ae  the  simulant  material  and  compressed 
air  as  the  gas.  These  first  tests  wlU  be  used  to  evaluate  the  baeic  princi¬ 
ple!  involved  and  to  make  necessary  modifications  to  the  unit.  In  addition, 
data  relating  powder  flow  rates  to  orifice  diameter,  gas  flow  rate,  gas 
pressure,  piston  feed  rate.  etc.  will  be  obtained.  All  of  this  work  will  be 
conducted  at  room  conditions  without  attempting  to  control  humidity.  When 
the  unit  is  performing  satisfactorily,  a  different  simulant  wiU  be  used  and 
humidity  will  be  controlled.  Compressed  nitrogen  (and  perhaps  CO2)  will 
be  used  ae  the  motivating  gas.  Corn  starch,  powdered  milk  or  powdered 
sugar  will  be  used  as  the  simulant  material.  These  tests  will  provide  the 
data  required  to  design  the  prototype  airborne  disseminator. 
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Following  is  a  listing  of  data  which  will  bs  obtained  during  the  teats: 

1)  Material  density 

2)  Materia]  flow  rate 

3)  Gas  pressure 

4)  Gas  How  rate 

5)  Input  torque 

6)  Input  speed 

7)  Humidity  conditions 

8)  Uniformity  of  material  flow  rate 

’  9)  Other  qualitative  information  regarding  characteristics  of 
materials  or  equipment  which  will  be  of  value  in  designing 
the  disseminator  and  rtrlated  filling*  loadingi  and  handling 
equipment. 
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7.  APPARATUS  TO  BE  FURNISHED  FOR  DISSEMINATION  EXPERIMENTS 

AT  FORT  DETRICK 

A  series  of  disseminatiott  experiments  will  be  conducted  as  a  coopera* 
tive  effort  involving  members  of  the  Fort  Detrlck  technical  staff  and  techni¬ 
cal  personnel  from  General  Mills.  Inc.  Those  experiments  will  be  con¬ 
ducted  in  the  large  spherical  ("eight  ball")  aerosol  test  chamber  at  Fort 
Detrick.  The  special  apparatus  for  these  e>i?>eriment8  will  be  furnished  by 
General  Mills.  Inc.  This  apparatus  Includes  a  special  blow-down  wind 

tunnel  and  a  dissemination  test  fixture. 

« 

The  experiments  will  include  a  series  on  disssrolnation  of  a  dry  agent 
simulant  and  also  a  series  with  an  actual  solid  agent.  The  work  with  the 
simulant  will  provide  data  for  comparison  with  our  findings  in  the  wind 
tunnel  experiments  conducted  at  General  MlllSi  Inc.  and  with  data  obtained 
at  Fort  Detrick  in  the  past.  The  experiments  with  an  actual  eolld  agent 
will  provide  necessary  data  on  the  effectiveness  of  the  dissemination  con¬ 
cepts  currently  under  study. 

During  this  reporting  period,  the  design  of  the  wind  tunnel  apparatus  to 
be  furnished  to  Fort  Oetrick  has  been  initiated.  This  tunnel  will  be  very 
similar  to  the  onp  used  In  our  laboratoryi  except  for  changes  required  to 
make  it  compatible  with  the  "eight  ball"  facility  and  Improvemente  sug¬ 
gested  by  our  past  experience.  The  tunnel  installed  in  our  laboratory  ie 
illustrated  and  described  In  the  First  Quarterly  Report on  this  project. 
Several  detailed  considerations  pertaining  to  the  design  of  the  apparatus  for 
the  new  series  of  experiments  are  discussed  in  the  paragraphs  which  follow. 

7.  1  Safety 

Special  attention  has  been  given  to  safety  in  selecting  all  components  of 
the  eystem.  eince  some  experiments  will  be  conducted  with  an  actual  agent. 
In  general,  the  system  will  be  of  welded  construction.  At  locations  where 
joints  in  the  system  are  required  for  installation  and  handling  purposes, 
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the  flanges  will  be  modified  to  incorporate  an  acceptable  O-ring  type  seal. 
At  the  location  where  the  wind  tunnel  is  Joined  to  the  glove -bo*  on  the  teat 
sphere,  a  flexible  coupling  (metal  bellows)  will  be  provided  which  will 
maintain  a  tight  seal  and  also  allow  for  some  misalignment  between  the  two 
components.  The  entire  system  will  be  fabricated  in  accordance  with 
applicable  safety  codes. 

7,  2  Air  Supply  for  the  Wind  Tunnel 

The  blow-down  system  will  be  capable  of  maintaining  air  velocities  in 
the  test  section  up  to  Mach  0.  3  for  durations  of  10  seconds  or  more.  Air 
will  be  stored  in  three  vertical  cylindrical  tanks  approximately  30  inches 
in  diameter  and  96  inches  high.  These  tanks  will  be  suitable  for  an  opera¬ 
ting  pressure  of  200  psig  (A.  S.  M.  E.  code)  and  will  be  equipped  with  an 
appropriate  safety  relief  valve. 

Air  will  be  delivered  to  the  storage  tanks  by  oil -free  two-stage 
reciprocating  compressors.  A  survey  of  commercial  compressors  has 
been  made  and  it  was  found  that  the  most  economical  compressors  for  this 
application  are  3/4  h.  p.  light-duty  compressors  made  by  Ball  and  Gossett 
Co.  (Model  SYCO-12-I ).  The  capacity  of  these  small  compressors  is  2.  0 
SCFM  (measured  at  the  inlet)  with  a  discharge  pressure  of  190  psig. 

Several  of  these  compressors  will  be  Installed  in  parallel  to  provide  the 
required  capacity.  The  use  of  several  parallel  units  has  the  advantage  of 
minimizing  the  prob.^bility  of  the  system  becoming  inoperative  due  to  com¬ 
pressor  failure.  With  the  teste  at  Fort  Detrick  scheduled  for  a  short  dura¬ 
tion,  this  is  an  important  advantage. 

Calculations  were  made  regarding  the  number  of  compreaaora  re¬ 
quited  based  on  the  time  available  to  replace  the  air  exhausted  in  a  test 
run.  With  six  runs  per  day  anticipated,  about  one  hour  of  pumping  time  is 
the  maximum  desirable  period. 
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In  the  M  ae  0.  8  testa  with  a  duration  of  10  aecondsi  approximately  45 
pounds  of  air  will  be  required.  Five  compresaore  will  meet  thia  require¬ 
ment  and  will  be  furnished  for  this  application. 

With  respect  to  the  power  requirement  for  these  air  compresaorsi  it 
is  anticipated  that  a  total  of  25  amps  at  250  volts  will  be  required. 

7.  3  Heat  Exchanger 

In  the  normal  operation  of  the  blow-down  wind  tunnel,  the  air  in  the 
storage  tanka  expands  and  is  cooled  substantially.  In  order  to  minimize 
temperature  variations  in  the  air  passing  through  tlie  test  section,  a 
storage-type  heat  exchanger  will  be  provided.  CalciUations  and  experience 
with  our  previous  heat  exchange  show  that  an  eight-inch  pipe  section  filled 
with  approximately  500  pounds  of  small -diameter  steel  pipe  has  sufficient 
heat  transfer  effectiveness  and  heat  capacity  to  limit  the  temperature  drop 
to  approximately  20 ‘F  below  room  temperature. 

7. 4  Stilling  Chamber  and  Filter 

A  stilling  chamber  is  important  in  the  wind  tunnel  system  to  minimize 
turbulence.  The  stilling  chamber  to  be  used  is  a  straight  section  of  8-lnch 
diameter  pipe  located  immediately  upstream  from  the  nozzle.  This  cham¬ 
ber  wiil  also  include  a  screen  and  a  filter  which  will  contribute  to  the 
reduction  of  turbulence.  The  filter  is  desirable  because  it  will  collect 
foreign  particles  in  the  airstream.  It  also  acts  to  reduce  large-scale 
turbulence,  which  may  be  introduced  in  the  piping,  to  fine-grained  turbu¬ 
lence  which  readily  dissipates  along  the  length  of  the  atilllng  chamber.  To 
take  advantage  of  this  characteristic,  the  filter  will  be  installed  in  the 
upstream  end  of  the  stilling  chamber.  It  can  be  removed  through  an  access 
flange  for  cleaning  or  replacement. 
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7.5  Nozale  and  Te»t  Section 


Tlifl  noaalo  providei  a  tmootii  tranaltion  from  tha  circular  stilling 
chamber  to  the  smaller  rectanguUr  test  section.  A  molded  plastic  (rein¬ 
forced  with  glass  fiber)  noaale  haa  been  designad  for  this  application. 

The  test  section  has  been  simplified  somewhat  from  the  design  used  in 
the  wind  tunnel  in  our  laboratories.  Two  observation  windows  will  be  pro¬ 
vided  rather  than  six,  and  the  variable  area  noaale  has  also  been  eliminated 
aiivce  adequate  control  can  be  obtained  without  thie  feature. 

The  test  section  will  be  made  to  accept  a  dissemination  test  fixture, 
employing  the  principles  currently  under  study  on  this  project.  Thie  fix¬ 
ture  will  incorporate  a  piston-type  feeder  in  which  a  total  agent  charge  of 
approximately  1.  0  gram  wiU  be  delivered  at  high  instantaneous  mass  flow 
rates,  comparable  to  full-scale  dissemination  systems. 
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8.  PROaHESS  ON  THE  LIQUID  DISSEMINATING  STORE 


As  oae  part  of  the  work  being  performed  under  Pha*e  U  of  thi"  con¬ 
tract,  a  liquid  BW  agent  disseminator  is  being  designed  and  fabricated, 

This  is  an  external  store  with  a  liquid  agent  capacity  of  180  gaUone  and  a 
fixed  flow  rate  of  18  gallons  per  minute.  The  configuration  and  operating 
principles  of  this  store  are  described  in  our  Fifth  Quarterly  Progress 
Report^^,  which  also  ouUlnea  the  progress  on  this  disseminator,  up  to 
September  4,  1961. 

Durxng  the  present  reporting  period,  progress  has  been  made  on  the 
design  effort  and  also  in  purchasing  and  fabricating  parte.  Sections  8.  I 
and  8.  2  describe  progress  in  these  areas. 

a.  1  Design  Effort 

8.  1,  1  Design  of  Tank  Assembly 

As  used  here  the  term  tank  assembly  includes  the  skin,  the  structure, 
the  inner  tank,  the  foamed -In -place  insulation  and  the  mountings  and 
brackets  for  supporting  the  various  components  that  are  included  in  the 
finished  disseminator.  Prior  to  September  4,  1961,  the  general  require¬ 
ments  for  the  tank  aeeembiy  had  been  eetabllehed.  These  general  require¬ 
ment*  Included  euch  thinge  as  the  space  within  the  outer  tank,  the  weight  of 
the  load  to  be  carried,  the  approximate  location  of  the  centers  of  gravity  of 
the  various  loads  and  the  external  form  of  the  tank.  It  was  then  necessary 
to  establish  the  requirements  in  detail  for  the  tank  assembly.  These 
details  were  concerned  to  a  great  extent  with  the  provisions  for  mounting, 
supporting  and  containing  the  many  system  components  that  must  be  included 
in  the  finished  disseminator  assembly.  Some  examples  of  the  items  that 
were  considered  are; 


DECLASSIPIBD  IN  FULL 

Authority;  E0 13526 

Chief,  Records  &  Declass  DIv,  WHS 

JUL  19  20B 


8-1 


1)  TliB  turbine  support  ring  and  the  method  of  attaching  the 
turbine  to  it. 

2)  The  access  doors  -  their  size  and  location. 

3)  Bulkheads,  and  the  provisions  for  attaching  parts  and 
making  connections  through  them. 

4)  The  method  of  supporting  the  Inner  tank. 

5)  The  supports  that  must  be  provided  for  the  fluid  handling 
system. 

6)  The  requirement  for  the  insulation  and  its  relation  to  the 
loads  It  bears  and  the  conditions  it  must  resist. 

7)  Required  clearances  for  moving  parts,  and  for  assembly  of 
parts  and  comptonents  into  the  structure. 

8)  The  boom  wells. 

9)  The  structural  requirements  imposed  by  the  many  different 
loads  applied  to  the  structure  under  conditions  of  handling 
and  flight. 

As  a  result  of  establishing  the  requirements  for  these  and  other  details,  the 
design  was  completed.  These  drawings,  as  well  ae  those  covering  the 
entire  design  will  be  submitted  at  the  completion  of  the  fabrication  of  the 
disseminator. 

8.1.2  Design  of  the  Fluid  Handling  System 

During  this  reporting  period  the  design  layout  for  the  fluid  handling 
system  was  completed.  Requirements  for  the  specific  components  were 
established.  These  requirements  Include  such  Items  as  the  flow  capacities 
for  tubes,  fittings,  valves  and  hoses;  the  allowable  pressure  losses  in  all 
parts  through  which  liquid  flows;  and  the  pressure  required  of  the  pump. 
Requirements  for  other  characteristics  such  as  leakage,  corrosion  reslS' 
tance,  temperature  resistance,  formabillty  and  method  of  assembly  were 
established.  Additional  restrictions  were  Imposed  by  the  limited  space 
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available  and  the  need  for  keeping  the  weight  to  a  minimum.  With  these 
requirements  established,  it  was  possible  to  select  the  major  purchased 
components  in  the  fluid  handling  system  such  as  valves*  the  flow  indicator, 
the  pump  and  also  the  tubing  and  fittings, 

8.  1 .  3  Design  of  the  Electrical  System 

One  of  the  design  objectives  o£  the  project  is  to  make  the  disseminator 
compatible  with  the  F-IOOD  aircraft.  In  order  to  achieve  this,  it  was 
necessary  to  determine  the  detailed  characteristics  of  the  electrical  system 
in  this  aircraft.  For  this  purpose.  General  Mills*  Inc.  personnel  visited 
McClellan  Air  Force  Base  near  Sacramento,  California,  to  discuss  the 
electrical  system  with  Air  Force  personnel.  As  a  result  of  this  meeting* 
a  system  was  designed  that  is  compatible  with  this  aircraft.  That  portion 
of  the  system  for  which  the  compatibility  requirement  exists  includes  con¬ 
trol  of  the  power  supply,  lowering  and  raising  of  the  booms,  control  of  the 
pump  and  the  transmitting  of  flow  signals  to  the  pilot. 

Design  requirements  were  also  established  for  operating  the  system 
using  elllier  ground -power  or  air -turbine -power  for  operation  of  the  sys¬ 
tem. 

An  important  element  in  the  system  is  the  control  box  and  panel  that 
the  pilot  uses  for  operating  the  disseminator.  While  our  personnel  were  at 
McClellen  Air  Force  Base,  they  determined  what  space  was  available  for  a 
control  box  and  the  necessary  mounting  provisions.  The  disseminator  con¬ 
trol  unit  will  occupy  the  space  normally  used  for  control  of  the  "buddy" 
refueling  system. 

Based  on  the  requirements  outlined  above,  and  on  the  selection  of 
suitable  electrical  components,  the  control  system  circuits  were  laid  out 
and  the  design  of  the  control  box  and  panel  was  initiated. 
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8.1.4  DcBigp  of  the  Booma  and  Boom  Actuator 


Deaigti  work  on  th«  boom,  and  the  boom  actuate  wa.  continued.  The 
mock-up  referred  to  In  the  Fifth  Quarterly  Report  waa  completed.  It 
demon.trate.  that  the  actuating  aystem  will  operate  aati.factorily  within 
the  available  .pace  in  the  tail  section. 

Work  waa  continued  on  the  fabrication  of  noazle  slit*.  The  method 
finally  accepted  was  the  ultrasonic  grinding  technique.  By  selecting  the 
proper  tool  siae,  the  right  grit  size  and  maintaining  the  necessary  control 
of  other  variables,  a  process  wa.  established  that  provides  good  control  of 
slit  dimensions.  The  boom  noaale  slits  are  to  be  0.  400  inches  in  length 
and  0.  0048  inches  wide,  nominally.  These  dimensions  were  established  a. 
a  result  of  the  experimental  work  done  in  making  slits  and  also  as  a  result 
of  flow  tests  conducted  with  tubes  containing  from  one  to  nine  slits. 

'Hie  ultrasonic  grinding  technique  was  selected  in  preference  to  the 
spark  erosion  method  and  chemical  etching  process  which  were  also  investi¬ 
gated.  Both  of  these  methods  failed  to  produce  slits  having  straight  edges. 

Analyses  of  the  boom  assembly  as  a  structure  was  continued.  This 
included  calculation  of  the  stresses  resulting  from  the  aerodynamic  loading 
and  also  a  study  of  ths  vibration  charactsristlcs. 

Further  study  was  also  made  of  the  heat  transfer  characteristics  and 
the  heating  requirements.  As  a  result  of  this  study,  the  areas  which  are  to 
be  coated  with  Electrofilm  heaters  were  determined. 

The  decision  waa  made  to  protect  the  booms  in  the  boom  wells  by 
covering  the  wells  with  Mylar  film,  taped  to  the  tank  skin.  The  booms 
have  knife  edges  on  them  that  cut  through  the  Mylar  as  the  booms  are 
lowered.  The  Mylar  film  cover  must  be  replaced  (by  a  simple  operation) 

before  re-use. 
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8.  2  Purchasing  and  Fabrication  of  Parta 


As  a  result  o£  the  design  effort  described  above*  It  was  possible  to 
place  orders  for  all  of  the  major  purchased  parts  during  this  reporting 
period.  The  major  parts  ordered  included  the  reinforced  plastic  inner 
tank*  the  main  tank  assembly  (skin  structure*  etc.  )■  the  air  turbine  genera¬ 
tor,  the  flow  indicator,  the  various  £luid»system  valves,  the  boom  actuator, 
and  numerous  other  parts  including  relays,  wire,  tubing,  thermostats, 
fittings  and  fasteners.  Of  the  major  items  ordered,  the  reinforced  plaetic 
inner  tank  was  received  at  General  Mills,  Inc.  and  the  remainder  are  to  be 
delivered  during  December  and  January. 

It  is  anticipated  that  the  main  tank  aseembly  (with  the  Inner  tank 
foamed>in>plaee)  will  be  received  from  Fletcher  Aviation  Co.  by  December 
15,  I96I,  permitting  installation  of  the  other  components  thereafter. 
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9.  SYSTEMS  STUDY 


A  continuing  BW  diinemination  itudy  han  been  underway  on 

thla  contract.  In  our  Fourth  Quarterly  Progreaa  Report  ,  a  mathematical 
model  wae  Introduced  which  haa  been  ueed  in  thi»  study  since  that  time. 
Thla  model  Is  a  raodlflcatlon  of  the  one  attributed  to  K.  Calder.  The  modi¬ 
fication  deals  with  variable  rates  of  decay  of  the  agent  versus  time. 

During  this  reporting  period,  the  model  has  been  applied  to  the  deter¬ 
mination  of  the  auent  flow  rates  (versus  down-wind  distance)  required  for  a 
fixed  injection  probability.  Two  solid  BW  agents,  LE  and  N,  have  been 
selected  for  the  calculations  performed  during  this  period.  Since  the  re¬ 
quired  flow  rate  depends  on  many  factors  including  meteorological  para¬ 
meters.  height  and  speed  of  the  delivery  aircraft,  efficiency  of  dlssemlna- 
tion.  and  efficiency  of  particle  retention  by  man,  we  have  investigated 
several  specific  cases. 

In  the  analysis  which  follows,  the  nomenclature  ia  the  same  as  ueed 
previously.  Table  9. 1  defines  this  nomenclature. 


•  I 


Symbol 


Table  9. 1  Nomenclature 


Definition 


b 

C 

d 

E 

®r 

^r 

erfc(x) 


Breathing  rate  of  a  man 
Agent  concentration 
Agent  dosage  per  person 
Ground  level  dosage  o£  the  agent 
Dissemination  efficiency 

Efficiency  of  retention  of  particles  with  'slas  r 
Mean  efficiency  of  retention 

Complementary  error  function  J  exp  (  /Z)  dg 
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Tabl®  9.  1  (Contiaued) 


Symbol 


Definition 


q 

r 

t 

u 

V 

cr 

/3 


DUeeml^atlon  flow  rate* 

Height  of  aircraft 
Adjusted  height  of  releaee 

Number  of  organisms  required  to  infect  50%  of  the  people 
Agent  decay 

Kaii  ‘Ji  itnigiu  wf  release  line 
Distance  along  the  aircraft  path 
Probability  of  infection 
Source  strength 
Particle  "siae" 

Time  after  release 
Wind  speed 
Aircraft  speed 
Weather  parameter 
Weather  parameter 

Height  for  which  o' and  /3  are  determined 


In  addition  to  previous  analyses,  equations  have  been  written  describ¬ 
ing  the  decay  process  for  the  agents  LE  and  N.  Ths  data  for  30  percent 
roUtlve  humidity  given  in  Reference  18  are  approximated  by  the  equations 

below: 

For  the  agent  liE.  the  "decay  factor"  is; 

3.75  (J)  /  (J  +  1) 
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For  the  agent.  N,  the  "decay  factor"  l«: 


.  1. 93 

0.0985  (i)  /  (J  +  n 


(9.2) 


The  equation  relating  the  total  dosage,  d.  and  the  probability  of  infec¬ 
tion.  P.  is 


/Q 


where  the  dosage  for  an  Infinite  InatanUneous  line  source  is  related  to 
other  parameters  by 


bf  EC 

r 

V  CTjU  (x/Xj)-^ 


exp 


/  2  0^^  (x/xj) 


exp 


-  decay  factor  | 


(9. 4) 


In  the  previous  analyses,  probability  of  infection  was  plotted  as  a  func¬ 
tion  of  down-wind  cloud  travel  for  different  values  of  the  parameters.  A 
typical  plot  la  shown  in  Figure  9. 1.  For  a  fixed  probability,  say  P^,  the 
region  enclosed  by  lines  x  =  Xj  and  x  -  *■'^8  also  the  region  near  the 

release  line  have  the  probability  of  infection  greater  than  P^^  while  every¬ 
where  else  it  is  less.  We  can  say  then,  that  these  regions  will  have  an 
effective  coverage  for  a  certain  flow  rate.  i.  e. .  for  a  preselected  infection, 
probability.  P^,  an  appropriate  flow  rate  can  be  determined  such  that  the 
region  will  be  affectively  covered.  It  is  this  aspect  of  the  analysis  that  we 
wish  to  consider  presently. 
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Figure  9.  I  A  Typical  Curve  for  Probability  of  Infection 
versue  Down  •Wind  Dietnnce 


A  typical  graph  for  preaent  etudy  ie  ehown  in  Figure  9.  2.  Here  the 
flow  rate  vereu.  the  down-wlnd  dUtance  la  plotted  for  a  fixed  probability, 
aay  P  .  It  ia  clear  that  a  conatant  flow  rate  correaponding  to  Xj  will 
guarantee  an  infection  probability  of  at  leaat  for  the  entire  region.  If 
only  a  portion  of  the  region  for  x  <  Xj  (for  example)  la  to  have  an  Infection 
probability  of  at  least  P^.  then  the  flow  rate  to  be  need  muat  correspond  to 
Xj  of  the  curve.  The  region  extending  beyond  thia  will  have  a  lower  value 
of  P  for  the  same  flow  rate.  It  la  assumed  that  the  release  lino  is  long 
enough  ao  that  the  contamination  la  uniform,  croaawind,  for  a  fixed  dis¬ 
tance  from  the  source. 

Based  upon  the  diffusion  depostlon  model  presented  above,  a  set  of 
curves  were  drawn  by  the  Bendlx  PA- 3  plotter,  coupled  with  the  Bendlx 
G-15D  digital  computer.  For  all  the  curves,  the  Infection  probability, 
p  3  0.  5;  efficiency  of  particle  retention,  =  0.  33;  efficiency  of  dissemina¬ 
tion.  E  «  0.  20;  speed  of  the  aircraft,  v  =  545  mph;  and  breathing  rate  of  a 
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mtn,  b  a  25. 4  £t^/hr.  The  concentratien-to-lnfactive-doBe  ratio, 

C/lDgQ  a  1,  67  X  10^  for  agent  LE  and  C/ID^q  -  1.  25  x  10®  for 

agent  N.  The  last  two  values  are  estimates.  In  connection  with  biological 

decay.  Equations  (9.  U  and  (9.  2)  must  be  considered  as  approximations 

only  due  to  limited  availability  of  daU.  The  weather  conditions  defined 

I  Q 

arbitrarily  by  other  lovestlgatore  as  "good”  and  "average"  refer  to 
values  of  cTj  and  /Jas  cr^  =  12. 47  feet,  s  0.  66  and  O'j  =  19.  03  feet, 

X?  s  0.  S8,  respectively  with  a  300  feet  for  both  cases.  The  curves  are 
presented  in  E’g'ircs  9.  3  through  9-  5- 


Figure  9.  2  A  Typical  Curve  for  Flow  Rate 
versus  Down>Wind  Oiatance  (x) 
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Figure  9-  4  Flimr  Rate  veraas  Down-Wind  Plat  uice  for  Agent  N 
for  "Good"  Weather  and  h.  «  55  fe  !-t 
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Figure  9.  6  Flow  iUte-vereu*  Dowo-Wuad  Diata  :e  ior  Agent  N 
lor  '‘Good”  Weather  And-h^  -s^^lDO  fe 


It  is  noted  by  compering  Figure  9.  3  with  Figure  9.  5  and  Figure  9.  4 
with  Figure  9.  6,  all  o<  which  pertain  to  the  agent  N,  that  the  flow  rate  is 
affected  very  little  when  the  source  elevation  is  nearly  doubled.  This  com¬ 
parison  is  shown  in  Figure  9.  8  for  the  agent  LE  where  the  flow  rate  for 
aircraft  heights  of  55  feet  and  100  feet  are  compared.  Near  the  source 
there  la  some  deviation  between  the  two  curves,  but  this  diminishes  with 
increasing  down  urnd  T"  all  the  orraphe  the  flow  rate  is  infinity  at 

the  source,  as  is  to  be  expectea  Irom  tne  duiusion  model  aciopted.  me 
minimum  value  of  t.Ma  flow  rate  is  assumed  for  x  satisfying  the  equation: 

+  kx  -  +  /<?u  »  0.  (9.5) 

For  the  cases  considered,  the  above  equation  has  a  root  for  x  <  1.  5  miles, 
as  la  seen  from  the  graphs.  At  approximately  this  distance,  then,  the 
probability  of  infection  will  be  highest  for  a  selected  flow  rate. 

Figures  9.  3  through  9.  6  show  that  effective  coverage  over  very  large 
areas  can  be  achieved  with  low  to  moderate  flow  rates  of  the  solid  agent  N. 
the  low  decay  rale  of  this  agent  is  an  Important  factor  in  this  connection. 

For  agent  LE  (seo  Figures  9.7  and  9.  8)  note  that  the  flow  rates  are 
specified  in  This  change  in  units  (from  lb/ min  in  Figures  9.  3 

through  9.  6)  was  considered  necessary  because  the  concentration  of  the 
agent  was  known  on  a  volumetric  basis  and  density  was  not  available.  The 
agent  LE  requires  very  high  flow  rates,  except  for  cases  involving  dis¬ 
tances  below  five  miles  for  good  weather  and  approximately  two  miles  for 
average  weather. 

To  date,  the  solid  agent  UL.  which  is  of  considerable  Interest,  has  not 
been  studied  because  the  data  relative  to  decay  at  extended  time  periods  are 
not  available.  We  believe  that  additional  basic  research  In  this  area  would 
be  very  valuable. 
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10.  SUMMARY  AND  CONCLUSIONS 

DurlM  thl.  reporting  period  .ob.trt.tlal  progr...  •»..  o.*d.  lo  ..veral 
of  tb.  i»p.rtrt.t  area,  of  loveatlgatlo.  eonceroed  .iU.  th.  problem.,  lo- 
volved  10  dlaaemloattoo  of  eoUd  BW  agrttta.  Aleo,  Bi.  .Hort  devoted  to 
dealg.  and  labrlcatloo  of  a  llTild  BW  agent  dleaemloatioo  .tor.  ba.  pro. 
rtded  good  reaulta.  Progr...  oo  th.  ..v.r.a  aotlvitle.  i.  .omo«rl..d 
belotr.  10  the  order  th.  topU.  .ppear  io  B..  n.oio  body  ot  thl.  rooort. 

in  coooeotloo  with  th.  lh.oreUc.1  .tody  of  tb.  mechanic,  of  partlculat. 
mamrlala.  the  lov.eUg.tloo.  of  th.  proc...  of  compactloo  of  dry  pomier. 
have  been  conUnoed.  Careful  exrtrtloaMoo  ha.  ebowo  that  the  comprt=tloo 
proceae  la  very  compl.a  and  that  th.  .o.rgy  «..nt  In  compaction  may 
rt,p..r  a.  1)  an  Incrcaa.  In  poMntlal  «..rgy  ...oclat.d  with  Intcr^rtlcU 
bond.,  2)  .tor.d  .UeUc  .nargy  In  th.  bulh  powd...  and  3)  lh.r.n.1  enargy 
which  1.  dlaalpated  lo  th.  proca...  To  forth.,  .xplor.  th.  an.rgy  di.trlbo- 
Oo.  in  thl.  proc...,  ttir..  typa.  of  enp.rim.nt.  hav.  b..o 
apparato.  1.  bain,  d.v.lop.d  to  condoct  th...  «p..im..t..  Ad^Uonal 
enpariment.  with  currant  apparnto.  have  .bown  that  oat  wort,  of  com. 
paction  1.  routed  (lo.  ulc.  .accharln,  5m  rtol  coro.urch)  to  Bt.  bulk 
danBlty  by  an  exponential  equaUon  (Section  2). 

The  .np.rim.nul  meanoremant.  of  th.  phy.lcal  charm:....  rf  powder. 

hav.  bean  cooano.d.  Enteoalv.  work  ha.  b.rt.  don.  on  iov...i,..l.n  of 

powd..  .h..r  atrongU.  a.  a  function  of  compreur.  motamr.  con. 

ten.  and  bulk  dennity.  On.  of  th.  mo..  l...r...ing  finding,  wa.  Ihrt  th. 

m..r  ..rangth  of  Bi.  taU  powder  Increa . .  rapidly  when  compacted  o 

bulk  danaltia.  above  0.  4  ,m/cm’  Upon  cloa.r  .nrtt.in.tton,  it  «.  fomd 

B...  at.  .hear  ..rengtt.  1.  an  rttponantUl  lunetton  of  th.  bulk  dan.i^.  Th. 

m...»r. manta  of  th.  fore,  .rtiuired  to  move  a  powd.r  plug  through  a  cylin- 

dar  with  a  pi.ton  war.  mUnded  to  cover  pr..comp.c..d  powd...,  I.  wa. 

found  that  th.  ratio  of  applied  fore,  to  ...Ullv.  fore.  wa.  KUnttcal  to  a 

reoulr.d  to  mov.  an  uncompacd  plug  of  th.  .rtol.  length,  a.  long  a.  Bi. 

realattv.  force  wa.  rttov.  aom.  critical  value.  11  Bi.  raalattv.  force  wa. 

1...  than  th.  critical  value,  a  new  reUtlonahlp  rnttat.  (Seetton  3). 
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y.vjMtrimftnta.1  atudiet  of  the  effect  of  elevated  airstream  temperatures 
on  the  viability  of  dry  aerosols  of  and  Sin  were  continued.  The  re¬ 
covery  of  viable  organisms  was  determined  over  the  range  of  temperatures 
between  30* C  and  130*C.  It  was  found  that  exposure  of  dry  ^  for  a  period 
of  1.  68  seconds  had  no  measurable  effect  on  the  viability.  In  contrast, 
there  was  a  pronounced  viability  loss  with  Sm  upon  exposure  to  alretreams 
between  75  *C  and  130*C  for  periods  of  1.12  and  1.  68  seconds  (Section  4). 

•ri,..  of  hv  ennstTeam  anerotv  hsve 

been  cuntinued,  with  emphasis  on  determination  of  the  number  and  mase  of 
agglomerates  in  the  generated  aerosol.  The  deagglomeration  studies 
during  this  period  have  shown  that  compacted  Sm  with  bulk  densities  as 
high  as  0.  65  gm/cm^  can  be  diseeminated  with  a  mechanical-pneumatic 
system  nearly  as  effectively  as  the  uncompacted  material.  The  results 
Indicate  that  the  maximum  loss  in  effectiveness  due  to  agglomeration  of 
particles  in  the  I  to  5-mlcron  range  is  approximately  12  percent  by  maes 
(Section  5), 

With  respect  to  the  investigations  of  feeding  systems  for  dry  agent 
disseminators,  a  fiiU-ecale  laboratory  unit  was  designed  and  fabricated. 
This  unit  is  baned  on  the  operating  principles  we  have  advanced  for  an  air¬ 
borne  dry-agent  disseminator.  Test  plans  have  been  established  for  future 
work  with  this  experimental  model  (Section  6). 

The  design  effort  on  apparatus  to  be  furnished  to  Fort  Detrick  was 
initiated  during  this  period  and  good  progress  was  made.  A  blow-down 
wind  tunnel  quite  similar  to  the  one  ueed  by  General  Mills,  Inc.  will  be 
installed  at  the  "eight  ball"  toet  sphere  facility  for  use  in  dissemination 
experiments  (Section  7). 

Conaiderable  progress  was  made  during  this  reporting  period  on  the 
design  and  fabrication  of  ths  airborne  liquid  BW  agent  disseminator. 
Detailed  requirements  for  the  overall  unit  and  its  many  components  were 
established.  Orders  were  placed  for  all  of  the  major  purchased  com¬ 
ponents  of  the  store.  Delivery  of  the  reinforced  plastic  inner  (agent  con¬ 
tainer)  tank  was  received  (Section  8). 
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ITje  systemB  atudias  were  continued,  with  apeclfic  caaea  being 
evaluated  uaing  the  variable-decay  mathcrnatlcal  model.  Line  source  dis 
icminatlon  of  agents  LE  and  N  were  studied.  Plots  of  flow  rate  versus 
down -wind  travel  are  given  (Section  9). 
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WASHINGTON  HEADQUARTERS  SERVICES 
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WASHINGTON,  DC  20301-1  155 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

(ATTN:  WILLIAM  B.  BUSH)  AUG  1  2013 

8725  JOHN  J.  KINGMAN  ROAD,  STE  0944 
FT.  BELVIOR,  VA  22060-6218 


SUBJECT:  OSD  MDR  Cases  12-M-3144  through  12-M-3156 


At  the  request  of  I 


Review  of  the  documents  in  the  above  referenced  cases  on  the  attached  Compact  Disc  (CD) 


under  the  provisions  of  Executive  Order  13526,  section  3.5,  for  public  release.  We  have 
declassified  the  documents  in  full.  We  have  attached  a  copy  of  our  response  to  the  requester.  If 
you  have  any  questions,  please  contact  Ms.  Luz  Ortiz  by  phone  at  571-372-0478  or  by  e-mail  at 
luz.ortiz@whs.mil,  luz.ortiz@osd.smil.mil,  or  luz.ortiz@osdj.ic.gov. 


mjL^ — 


Robert  Storer 

Chief,  Records  and  Declassification  Division 


Attachments: 

1 .  MDR  request  w/  document  list 

2.  OSD  response  letter 

3.  CD(U) 


April  26, 2012 


Department  of  Defense 

Directorate  for  Freedom  of  Information  and  Security  Review 

Room  2C757 

1155  Defense  Pentagon 

Washington,  D.C.  20301-1 155 


Sir: 

I  am  requesting  under  the  Mandatory  Declassification  Review  provisions  of  Executive  Order 
13291,  copies  of  the  following  documents.  I  have  tried  several  times  to  acquire  them  through 
DTIC,  but  the  sites  stated  they  are  not  available. 

I  am  conducting  research  into  the  previous  methods  used  to  disseminate  biological  agents.  Many 
source  I  use  to  have  access  to  have  been  deleted  from  the  internet.  On  numerous  occasions  I 
have  been  informed  that  formerly  classified  information  that  was  declassified,  have  now  become 
classified  again  (since  911).  My  attempts  to  locate  such  Executive  Orders,  regulations,  laws,  or 
other  changes  to  this  question  have  not  successful  nor  revealed  a  specific  source.  As  such  I 
would  appreciate  any  information  you  can  shed  on  this  question. 

Documents  requested. 

AD  348405,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare) Agents  Quarterly 
Progress  Report  Number  14, 4  Sept  -  4  Dec  1963,  G.  R.  Whitnah,  February  1964,  General  Mills 
Report  number  2512,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  1 8064  CML 
2745,162.pages.  Prepared  for  U.S.  Army  Biological  Laboratories,  Fort  Detrick,  Maryland. 
Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills.  Project  No  82408 
General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  I3>Iinnesota. 

AD  346751,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  12,  March  4  -  June  4,  1963,  G.  R.  Whitnah,  July  1963,  General  Mills 
Report  number  2411,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  18064  CML 
2745.  184  pages.  Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills. 
Project  No.  82408.  General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  13 
Minnesota.  ’ 

AD  346750,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  13, 4  June  -  4  Sept  1962,  G.R.  Whitnah,  October  1963,  General  Mills 
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Number 
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AD  329067,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  ;  X-AA  ?/  C7S 

General  Mdls  Inc  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745  103  pages 

and  Development  Office,  2003  East  Hennepm  Avenue,  Minneapolis  13,  Minnesota. 

^  327072,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  /P-AA  lfS7 
Propss  Report  Number  Five,  4  June  -  4  Sept  1961.  by  G.R  Whitnah,  NoveSr  l^ToetS^^ 

CML  2745.  Minneapolis,  MN,  Contract  Number  DA  1 8064 


Mrs;«s  rss  I'jriTimSS" 

rjAn-j  Cor.4  u  •  A  Mills  Electronics  Group,  Research  Dent 

2003  East  Hennepin  Avenue,  Minneapolis  1 3,  Minnesota.  225  pages.  ^ 

AD  324746,  Dissemination  ofSolid  and  Liquid  BW  (Biological  Warfare)  Agents  Progress 

2125  General  Whitnah,  October  1960,  General  Mills  Report  N^ber  ^  ^ 

2125,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745.  78  pages 

f  (Biological  Warfare)  Agents,  Quarterly  )Z-AA-3)S^ 

oZra  M^p  Tm'  '^^0,  by  G.R.  Whitnah!  February  lOb!, 

da  18064  CML^2745  ^9  m’  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number 

ofpa^enL  ^003  Fat  H  division  of  General  Mills,  Inc.,  Research 

epartment,  2003  East  Hennepin  Avenue,  Minneapolis  13,  Minnesota. 


AD  323598,  Dissemination  of  Solid  and  Liquid  B  W  (Biological  Warfare)  Agents,  Quarterly  Sf 
Process  Report,  for  penod  4  Dec.  1960-4  March  1961,  by  G.R.  Whitnah,  May  1961,  General 

07??  Minneapolis,  MN,  Contract  Number  DA  18064 

LML  2745.  95  pages. 

(Biolosical  Warfare)  Agents,  Quarterly  a-M-ZISH 
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Approved  by  S.P.  Jones,  Aerospace  Research,  February  1963.  247  pages. 


Sincerely 


